USAAML TECHNICAL REPORT 65-36

DESIGN CRITERIA, TECHNICAL CHARACTERISTICS, AND
DESIGN CONGEPTS FOR AN AIR TRANSPORTABLE CONTAINER

g C-66529

AD6191o8

By
Charles W. Wood_,

John H. Watts —m 0f cod

Robert M. Luca}HARD COPY $. 509
MICROFICHE $. /. s 0

173 P

June 1965

U. S. ARMY AVIATION MATERIEL LABORATORIES
FORT EUSTIS, VIRGINIA

CONTRACT DA 44-177-AMC-210(T)
ARTHUR D. LITILE, INC.

PRGBSI ool g 6aPY




!

DDC Availability Notice

Qualified requesters may obtain copies of this report from DDC.

This report has been furnished to the Department of Commerce for sale to the
public.

Disclaimer

The findings in this report are not to be construed as an official Department of
the Army position, unless so designated by other authorized documents.

When Government drawings, specifications, or other data a.c used for any pur-
pose other than in connection with a definitely relared Government procurement
operation, the United States Government thereby incurs ro 1esponsibility nor

any obligation whatsoever; aud the fact that the Government may have formulated,
furnished, or in any way supplied the raid drawings, specifications, or other
data is not to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights or per-
mission, to mamufacture, use, or sell any patented invention that may in any

way be related thereto.

Trade names cited in this report do not constitute an official indorsement or
approval of the use of such commercial hardware or software.

Disposition Instructions

Destroy this report when it is no longer needed. Do not return it to the originator.



DEPARTMENT OF THE ARMY

U. S ARMY AVIATION MATERIEL LABORATURIES
FORT EUSTIS. VIRGINIA 23604

The cost effsctivenass analysis of a modelar air
transportable container concept to be used for
CONUS-to-user (Combat Zone) airiine of communi-
cation (ALOC) as a means for improving combat
logistic support by Army-type transport aircraft
provides the basis for this investigation.

This Command concurs in the approach and

analytical techniques used by the contracter in
conducting this analysis. The study clearly
irdicates that effectiveness improvements accrued
to Army aircraft in the intra-theater movement
phases by virtue of the modular air transportable
containar are minor. Consequently, follow-up
phases (design fabrication and test) as recommended
by the contractor are not being scheduled.

Cust effectiveness gains indicated for the total
ALOC appear to be of sufficient magnitude to
warrant conslderation. Accordingly, this report
will be forwarded to the U. S. Army Logist‘cs
Management Center for consideration under their
project, '"Study of Unitization Systems, Policies
and Techniques' (SUNSPOT).
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ABSTRACT

This report presents the results of a study to determine the feasibility of con-
tainerization for Army resupply items. The study has been limited to air trans-
portation of supply classes I through IV shipped from a point of origin in the
United States to an overseas forward area.

Container criteria for size, weight, cost, strength, effectiveness and general

characteristics were developed. Then the design criteria were used as the basis
for evaluating the suitability of various materials and conceptual container designs.
An acceptable container design appears to be feasible.
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SUMMARY

This report analyzes containerization for air shipment of Army resupply items
from CONUS to the point of use overseas. The transportation system for mov-
ing Army resupply includes commercial surface, MATS and Air Force theater
airlift. plus Army aircraft and surface vehicles. Unitiized pallet 1oads of
standard size have been used as the basis for comparison to the proposed con-
tainer system, and the container has been considered as a nonaccountable item
to be used only once.

The study has been done in two phases. In Phase I, the container criteria for
size, weight. cost, strength. effectiveness, and general characte.istics were
developed. In Phase II, the design criteria were used to evaluate the suitability
of various materials and conceptual container designs aimed at fulfilling these
criteria. Using the constraints specified in the statement of work and the
criteria developed therefrom, a container which will meet all requirements
appears to be feasible.

There is n> significant operational effectiveness imprevement for a container
system in comparison to unitized pallet loads when considering such effective-
ness measures as response time for support operations, aircraft restraint
operations or terminal operaticas. Effectiveness improvement will accrue
principally to the Air Force through increased aircraft capacity if married
container modules were transported through the air logistics system

As specified. the container has been considered for air transportation of all
supply classes except bulk Class Il and Class V (ammunition) Although rations
and packaged POL are included in the resupply items to be air transported, the
major usefulness of the proposed container system was considered for trans-
porting other types of supplies.

The developed container criteria are as follows:

Size = 44" x 54" x 70" high (approximately)

Internal volume = 84 ft3

Allowable weight of container = 195 ibs

Average weight of container and contents = 1600 lbs (approximately)

- Maximum weight of container and contents = 2000 lbs



Justifiable cost has been estimated at $58.00. Of this amount, savings resulting
from replacing level A packing anc unitizing material amosunt to an estimated

$24.00. The additional savings are a direct result of replacing the 463L master
platform by multiple container units when transporting supplies through the ALOC.

The strength requirements imposed by the 9 g forward restraint dictate a con-
tainer construction of such quality that it could be reused if recovery were
practical and retrograde shipment were economical.



CONCLUSIONS

Using the constraints specified in the statement of work and the criteria
developed therefrom, a container that will meet all requirements except
the minimum justifiable cost appears to be feasible.

The preferred contairer design is estimated :o weigh 161 pounds and
cost $62.80. This weight is 34 pounds less than the estimated allowable
weight, and the cost is $4.80 in excess of the minimum estimated justi-
fiable cost .

Strength requirements dictate a container construction that is capable of
reuse, even though this study has been based on a single trip.

The 9 g forward load factor is the controlling design requirement for
strength. The container has been designed to yield, but not to rupture
under this condition.

A container that does not replace the 463L. master platform and net holds
no specific advantages for air transportation over present unitizing
methods such as the STRAC pack.

The following conclusions were drawn during the Phase I study of design criteria
and technical characteristics.

6.

The preferred container size is 44" x 54" x 7C" high outside dimensions,
having 4" base height, 3/4" wall thickness, an internal volume of approxi-
mately 84 ft3, and an average loaded weight of approximately 1600 pounds.

The container should be modular to the 463L. materials handling support
system and should fit aircraft equipped with this system without the use
of the MATS cargo platform.

Allowable container weight, based on level A packing and unitizing mate-
rials replaced by level C packing, ranges from 128 lbe to 378 lbs, de-
pending on the quantity and type of level A packing materials replaced.

Cortainer design weight, based on replacing an average pallet load con-
sisting of 10% wooden boxee, 25% V2S carton materizl, and 65% V3C
carton material is 195 lbs.



10.

11.

12.

13.

-
VSN
.

15.

Estimated savings in packing material cost resulting from contaireriza-
tion cange from $18.00 to $36.00, depending on the quantity and type of
level A packing materials replaced. Based on replacing an average
pallet load consisting of 10% wooden boxes, 25% V2S, and 65% V3C
carton material, the savings in material is $24.00.

Estimated savings in transportation, handling, and labor for moving the
container through a typical ALOC from CONUS to overseas batt.: lion
range from $34.00 0 $67 .00, depending on the length of the ALOC.

Savings in cost and increased effectiveness will accrue to the Air Force
as a result of iniroduction of the proposed container in the air logistics
system.

Increased effectiveness in the form of "recovered” airlift capacity would
accrue to the Army if, when the 463L system is introduced, the proposed
container is transported instead of using the “pallet on pallet” system.

Containerization will reduce cargo damage, breakage, and pilferage to
a limited extent.

It is uneconomical to return empty containers to the United States by air
transport.

RECOMMENDATIONS

Detail design, procurement, and testing of a prototype container should
proceed, with minimum production cost being an important objective.

Further consideration should be given to container reuse in evaluating
potential cost savings.
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INTRODUCTION

Technical advances have brought abcut radical changes in the concepts for war-
fare in recent years. In addition to rhe rapid advances in weapons, correspond-
ing advances in transportation and communications have resulted in a high
degree of mobility for fighting forces. This has complicated the logistics of
supplying highly mobile field forces. The prcblem is complicated further by
the complexity of equipment necessary for sustaining a fighting force. An ever
increasing number of spare parts and supplieg is required to keep the equipment
in operation. Rapid response to logistic demands is asst ming greater impor -
tance, thus making air transportation necessary in many cases. This is likely
to become still more important as supply bases on foreign soil are phased out
and greater reliance is placed on direct logistic support from the United States.

Much thought is being given to the possibilities cf streamlining and standardizing
the resupply function. The Army has adopted the 40" x 48" pallet as a standard
for unitizing loads of resupply items. Plans such as supply segmentation are
being considered for simplifying the huge resupply problem. Under ordinary
conditions, supplies would be stockpiled at distribution points overseas, and
they would be shipped to the user by the most appropriate transportation means.
However, the need for a complete air line of communications (ALOC) extending
from the United States directly to the user in the field is recognized for rapid
response to logistic support.

THE DISTRIBUTION SYSTEM

Supplies that must be transported by air from a point of origin in the United
States would be airlifted by the Air Force. Figure ] illustrates the general flow
of cargo originating at an Army depot or factory ir the United States to the
brigade level overseas. The first segment in the system would be by truck or
ra‘l to the most convenient point for air transportation. For this study, it is
assumed that the ¢;'antity of resupply to be airlifted would justify MATS pick up
at an inland airfi. ... The cargo would be transported overseas via MATS where
it would be transferred to the Air Force theater airlift. The theater airlift
would deliver it to the Army at an interface point. From here, it would be air-
lifted by Arvay aircraft to the point of use. Army airlift would be either fixed-
wing or rotary-wing aircraft. Also, it is possible that some seginent of the
transportation cycle in the foreign theater would be accomplished by Army sur -
face vehicles The exact routing would depend on specific conditions.
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CONTAINER REQUIREMENTS

The container is considered as a possible replacement for the present method of
unitizing and shipping resupply items on 40" x 48" paliets. General require-
ments, which are given in the USAAML work statement, are listed below. Other
requirements for the container are developed throughout the report.

Compatibility With Military and Commercial Transportation System - The con-
tainer size and carrying capacity should optimize the capacity of the Army CV-2,
CV-7, and CH-47 aircraft. It should fit the Army 3/4-ton and 2-1/2-ton trucks
efficiently. It will also be carried on the 25-ton flatbed trailer. The container
should be compatible with the Air Force 4631 materials handling support system.
In addition, it should be compatible with commercial transportation vehicles

and be capable of handling by standard forklift trucks plus field Army materials
handling equipment.

Protection to Contents - Tl.e contents should be protccted against weather and
other environmental conditions equivalent to military level-A packing.

Material Transported - Supply Classes I, II, IV, and packaged III will be trans-
ported .

Design Strength - The container should withstand forces encountered in air and
surface transport and the associated terminal handling.

Weight - Container weight sh~uic be the minimum consistent v"ith strength re-
quirements. Maximum tare weight is specified as the equivalent of conventional
overseas packing and unitizing materials replaced by the container. The target
gross weight for the container and contents is 2000 pounds .

Modular Design - Containers should be capable of being joined in mu.ti-modules
to facilitate handling and transportation through those segments of the distribu-
tion system equipped to handle the larger modules. Joining and separating con-
tainers should be fast and efficient, without special tools or procedures.

Method of Delivery - In addition to delivery by the conventional air or surface
method, the container should be airdroppable when adequate cushioning material
is attached. Also, it should be capable of being transported as a slung load from
a helicopter.




Other Uses - Upon delivery of its contents, the basic module or married multi-
ples should be suitable for other field Army uses.

FACTORS INFLUENCING BASIC DESIGN

The fundamental purpose for any logistics system is to provide the timely de-
livery of goods in usable condition at the lowest cost. The design of the pro-
posed container must be aimed at achieving this goal. As described earlier ii
this report, the delivery of Army supplies by air to an overseas destination
utilizes the Military Air Trangport Service and Air Force Theater Airlift. These
two air transport systems constitute the major portion of the distribution system
in terms of miles. Hence, an improvement in the efficiency of these systems
would result in substantial savings, due to the distance traveled.

These Air Porce service organizations are being fitted with 463L. materials
handling support equipment. One of the features of the 463L system is the cargo
platform which is used for unitizing loads up to 10, 000 pounds per platform.

The master platform is 88" x 108" and weighs approximately 300 pounds. A
half-size platform is 54" x 88" and weighs approximately 175 pounds. At the
present time, these platferms, plus associated netting, are used for unitizing
nearly all general cargo transported in 463L equipped aircraft.

Substantial improvement, either in terms of dollar savings or increased aircraft
carrying capacity, would be realized if the proposed container system were de-
signed to fit the installed 463L equipment in aircraft without using the unitizing
platform and net. Accordingly, we have considered only container sizes that
are modular to the installed aircraft handling equipment. The influence of this
approach is illustrated in this report by estimating the transportation cost of a
container which does not fit the installed 463L roller and rail system.

The new Army CV-7 transport aircraft is to be equipped with the 463L roller and
rail system for experimental use. If the Army decides to employ this materials
Liandling system, or a comparable system, comparable savings would be realized
by the proposed container.

Design Characteristics

The container is envisicned as being right rectangular with fastening devices
at the corners for joining individual units together. Figure 2 illustrates the pro-
posed concept. The container base would be designed with a groove extending



FIGURE 2 CONCEPT OF A MODULAR CONTAINER FOR
AKRKMY SUFPLIES



around all four sides. This groove would fit the installed restraining rails of
463L aircraft. The bottom face of the container would be flat for rolling on

conveyors. The base section of the container would incorporate four-way entries
for forkiifting.

10



SIZE AND CARRYING CAPACITY EVALUATION

The factors which affect container size and capacity are considered in this sec-
tion. The limitations on size and capacity which are imposed on the container
by the stated requirements are listed. Additional requirements, developed as

a result of analyzing the interaction of possible container shapes and sizes with
system characteristics, are discussed. A quantitative analysis of cargo density
and size distribution is developed. The efficiency of containers as cargo carry-
ing devices and their efficiency in various vehicles is analyzed. Three accept-
able containiers are chosen from the sizes evaluated.

LIMITATIONS ON SIZE AND CAPACITY

Restrictions placed on the size and physical configurations of containers by the
separate transportation systems are summarized in Table 1. Commercial truck
and railroad car effects are included because they make up a portion of the ALOC.

TABLE 1

INFLUENCE OF TRANSPORTATION SYSTEM
ELEMENTS ON SIZE CHOICE

Transportation Effect on Comtainer

Element Effect on Container Dimensions Configuration
Army Surface Must fit in all truck cargo spaces Limits maximum size.
Vehicles (described below), must be of

size to maximize car- o capacity,
width-length must be less than
45-1/2 x 64", and height should
be less than 54" (3/4-ton truck
dimensions).

Army Afrcraft Must fit all spaces (described Must have adequate tie-
below), must fit the 88" rail down attachments and
system in the CV-7. Must be of allow space for tie-down,
size to maximize cargo capacity. where required.

Single or stacked height should
be less than 70" .

11



TABLE 1 (contd)

Transportation Effe-* on Container
Element Effect on Container Dimensions Configuration
MATS Should approach area of 88" x If designed to fit in the

Air Force Air-
lift Theater

Commercial
Surface
Trucks

Rail Cars

Flatbeds

108" when joined., must be less

than 120" high, singly or stacked.

Same as MATS

Should be less than 90" wide
x 8' high when joined.

Should be less than 110" wide
x 126" high when joined or
stacked.

No unique requirements

rail system, it must

fit exactly the 108" rail
width singly o~ joined.
Bottom surface must be
desigred to roll on 463L
conveyors .

Same as MATS

The six U.S. Army vehicles in which the Air Transportable Container (ATC) is
intended to be carried have the following important characteristics as shown in
Table 2. The aircraft capacities are chosen to correspond tc the speed, altitude,
and distance assumed for each plane's mission in the air resupply system. The
mission characteristics will, of course, vary about the expected mission re-
sulting in higher or lower cargo capacity. Use of the expected or average air-
craft capacity does not affect the measures for performance of a particular
container substantially. Truck heights represent available space in trucks with
hoops and canvas tops installed, although these heights may be excluded.

12



TABLE 2

CAPACITIES AND DIMENSIONS OF ARMY TRANSPORT VEHICLES

Vehicle Cargo Capacity Cargo Compartment Dimensions
(pounds) (inches)

Width  Length  Helght
CV-2 - Caribou 7, 000* 73.5 345 75
CV-7 - Buffalo 8, 500* 92 377 78
CH-47 - Chinook 8, 000°* 90 366 78
M-37 - 3/4-ton Truck 2, 000 45.5 63 54°*°¢
M-36 - 2.5-ton Truck 5, 000 88 210 64°*
M-172A1 - 25-ton
Flatbed Trailer 50, 000 115 192 --

* Estimated from Army Aircraft Charact=ristics, Office of Director of Army
Aviation, Department of the Army, 30 November 1960. All other informa-
tion in table supplied by USAAML.

**  Dimensions under hoops .

Cargo of Classes I, 11, IV, and III (packagad) are intended to be carried {n the
ATC. It is expected that by the time an ATC system is adopted and implemented,
congiderable change will have taken place in tne design and, hence, in the con-
figuration of much of the cargo intended for air resupply.

DEVELOPED REQUIREMENTS AS RELATED TO CONTAINER SIZE AND
CAPACITY

Restraints are placed on the air transportable contatier system by the physical
characteristics of the logistics system through which the container moves, the
practical considerations of engineering design, the manufacturing costs, and the
handling procedures. The following developed requirements result from an
analysis of these restraints.

The Container Should be Right Rectangular, With Rigid Walls - This precludes
the possibility of an odd-shaped, for instance hexagonal, container. Such an odd
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shape might have particular advantages in one situation or in one vehicle, but
for a series of vehicles the only shape with sufficient loading flexibility is a
right rectangular one. The requirement that the container have rigid walls ob-
viates the possibility of expandable or flexible walls, inflatable, expandable, or
other non-fixed configuration.

The Container Should be Handled in the Up Direction Only - This requirement
is brought about by the fact that many items are packaged with the intention that
they not absorb the same shocks or vibrations from the top or sides. Further-
more, handling in more than one direction would unduly complicate fastening
modules together and fitting the 463L aircraft raiis. This requirement elimi-
nates an additional degree of freedom, however.

A Maximum Total Weight Should be Specified for the Container Plus the Cargo
Contained - This requirement arises from the fact that the 3/4-ton truck has a
specified maximum load of 2, 000 pounds.

The Choice Should be Limited to One Container Size Only - Although a greater
degree of flexibility would result from two or more size containers, the com-
plications introduced throughout the logistic system sutweigh this advantage.

The Container Preferably Should be Filled in the United States and not Opened
Until Reaching the Final Destination - This removes tiie possibility of adjusting
the weight of a particular container to meet the: load capacity of a particular
aircraft in a given situation.

Loaded Containers Should be Stackable for Storage - Containers of such height
which would permit stacking in aircraft should have the additional capability of
being fastened together when stacked.

The Container Should be Modular to the 463L System - A container. or group of
containers when joined together, should fit the 88" rails of the CV-7 aircraft
and the 108" rails of large Air Force transport aircraft.

CARGO DENSITY AND SIZE DISTRIBUTION

In order to choose a container size that has the requisite performance, it is
necessary to establish estimates of two important cargo characteristics: the
distribution of densities and the distribution of the maximum dimension for in-
dividual supply items.

14
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Densgity Distribution

The nature of cargo density to be carried in a supply system affects almost every
feature of the system, and consequently is a basic consideration in the design of
container size. Cargo density directly affects the expected weight of a particu-
lar container, the container's utilization of space and weight capacity in a vehicle,
the utilization of container internal volume, and the weight and volumetric ef-
ficiency of a container with a specified maximum weight.

Although it is impossible to precisely define the nature of the distribution of
density of Army cargo that would be carricd in a future air resupply system, it
is necessary to construct an estimate of what this distribution is likely to be.
Compilations of mean or average densities for the supply classes of interest
have been made for recent studies of Army logistics. Table 3 includes such a
compilation, and for comparisons the results of a study of actual unitized loads
of Army overseas cargo.

TABLE 3

AVERAGE DENSITY AND PERCENT OF TOTAL
_CONSUMPTION FOR SUPPLY CLASSIFICATIONS

g T ey e e— = o — — o T e - - e —

*1 #2 #3

Average Dens‘ty*  Average Density** % of Total***

lbs/ft3 lbs/ft3 Consumption
Class I 23.8 37.12 36.1

Classes II & IV

Chemica! 13.2 14.4 .4
Engineers 31.8 25.5 3.7
Medical 20.0 17.1 .6
Ordnance 27 .8 36.4 9.3
Quartermaster 27 .4 17.8 7.5
Signal Corps 13.2 33.2 4.7
Transportat 0 -- 42.8 .1
Class .. (package .. 33.3 -- 37.7
100.1

*  Supply Segmentation and Unitization for Combat Support, QM Board Project
No. 23, Quartermaster Board, U.S. Army, June 1961, p. 69.

** "Consoli”:ted Recapitulation of 16 Gamb-Odex Army Ocean Manifests..."
Based on unitized loads shipped from New York and Hampton Roads, 1952-
1954. Unpublished working paper, USACDCTA, Fort Eustis, Virginia.

*** Baged on FM 101-10, Part I, Staff Officers’ Field Manual, Department of

the Army, October 1961| P, 326.
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These figures are somewhat inappropriate as a representation of the density of
future air resupply cargo for the following reasons:

They represent mean densities. In reality, densities in =ach cargo class
vary widely and have e different distribution for each class.

They represent World War II and Korean War experience--many of the
supply items will have changed in weight and cube by the time they are
incorporated into an air resupply system. They represent all supply
items --initial and resupply, air transportable and non-air transportable,
and in Column #1, unitizable and nonunitizable.

With these inadequacies in mind, however, a plot of cumulative proportion of
cargo versus density can be conatructed for comparison purposes. Using the
densities in the first column and the usage percentages ir the third column, the
cumulative mean densities are plotted in Figure 3. In like manner, the ob-
served densities of overseas unitized loads in Column : are combined with the
usage percentages and presented in Figur~ 3.

Figure 4 is a cumulative plot of densities in Classes I. I, III (packaged), and
IV, based on data more closely related to future unitized air resuppiy of combat
divisions. The data sources were:

a. 58 unitizable items packaged for air resupply in the Korean conflict.]

b. 41 unitized loads of subsistence, clothing, and repair parts shipped
from the New Cumberland, Pennsylvania depot, (1960).

c. 29 selected supply items’ densities when unitized on 40 x 48’ pallets 3

Figure 4, although not weighted by theoretical consumption rates, is a useful
reference for density range and distribution since the items from a. and b. were
compilations of actual Army air or surface unitized supply, and since the data
refers to discrete supply items, not mean densities for cargo classes.

1  Export Packaging Study for Aerial Delivery Planring, September 1954,
7-87-03-004 Aerial Delivery Equipment.

2  Unpublished working paper da.ed 20 July 1960, Quartermaster Food and
Container Institute for the Armed Forces, U.S. Army.

3 Based on several unpublished, undated working papers prepared by the
Food and Container Institute, U.S. Army Natick Laboratories.
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Percent of Cargo Less Than Density "D"
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FIGURE 3 DISTRIBUTION OF AVERAGE DENSITIES FROM

TWO DATA SOURCES FOR CLASSES 1, II, 1V,
AND III (PACKAGED) ARMY CARGO
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Percent of Items Less Than Density D"
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FIGURE 4 DENSITY DISTRIBUTION OF A SAMPLE OF
UNITIZED ARMY SUPPLY ITEMS
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The above air resupply cargo density distributions compare rather closely with
commercial air cargo density. Ina reportl prepared for The Boeing Afrcraft
Company, a detailed analysis was made of a wide range of current and probable
1ear-future air cargo freight classes and items, their densities, and their
proportion of the total air freight tonnage. The resulting air cargo density
distribution is redrawn on Figure 5. The average density for this distribution
was 20.2 lbs/ft3.

An assumed density distribution for future Army resupply based on the above
information is shown in Figure 6.

This distribution has the following characteristics:

A range of density of 5 lbs per cu ft to 40 lbs per cu ft. These maximum
and minimum figures are not meant to exclude the possibility of any
heavier or lighter cargo, but to reflect the fact that, based on currept
and past densities of unitizable cargo, the preponderance of cargo is
expected to fall within this range.

A straight-line distribution of densities over the range. This estimate
results from an unbiased, or rectangular, frequency function of cargo
density. Although such a flat frequency function may be defended as a
reasonable expression of a variable whose detailed nature is not known,
as is the case with future cargo density, it ts interesting to note that
Figure 6 agrees rather closely with the unweighted densities of Army
cargo in Figure 4.

A mean density of 22.5 lbs per cu ft. This is about 15% lighter than
the weighted average figure of 26.4 lbs per cu ft, resulting from
weighting the current densities in column 1 of Table 3 with the con-
sumption rates in column 3. This agrees well with the observed trend
toward smaller but even lighter equipment, rations, and other cargo
for air resupply.

1  The Density Fantasy - Air Cargo Density Trends, Hackney Airlift
Associates Inccrporated, Sierra Madre, California, 1961.
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100 -

40

80 -~
60
e e e e e St S S| S
|
40 I
l
J B
2
g |
[
=)
4 g
20 gl
2 |
] |
0 ]
T T T \
10 20 30
Density "D" - Lbs/ Ft3
FIGURE 6 ASSUMED DENSITY DISTRIBUTION FOR ARMY

RESUPPLY CARGO TO BE AIRLIFTED

21



Maximum Dimension Distribution

In the choice of an Army air cargo container size, it is desirable to select a size
that would physically contain as great a proportion of cargo items as possible.
Precise description of the distribution of dimensions in air resupply cargo pack-
ages is not feasible since the future mix of air-carried items is indefinite. An
indication of the probable cargo length distribution is available, however, from
records of Army resupply items airdelivered during the recent Kurean conflict.

Akrep, in a recent reportl, analyzed avatlable length data for unit packs of air -
delivered cargo in the Korean conflict. Figure 7 summarizes the results of the
analysis. From the data available, it appears that a container having a maximum
internal dimension of 50" will contain the majority of Army air resupply items.

EVALUATION OF CONTAINER SIZES

In order to select an optimum container size or set of preferred sizes, it is nec-
essary to establish criteria for evaluating candidate sizes, to develop a method-
ology for applying the criteria, and to arrive at the set of possible sizes that are
consistent with the criteria.

Evaluation Criteria

A cargo container may be evaluated from two viewpoints: its performance or
efficiency as a device for unitizing cargo, and its performance when used as a
cargo containing element within the specific transport vehicles in a transporta-
tion system.

Measures of Efficiency as an Independent Unit

A mumber of approaches exist for evaluating the relative worth of a particular
container as a cargo-carrying device. Some of these evaluation methods are
more relevant than others, and most are not coribirational; that is, the meas-
ures of evaluation cannot be added meaningfully. The most appropriate meas-
ures for the performance of an air transportable container considered independ-
ently from transport vehicles are as follows:

1 A Survey of Quartermaster Corps Air Cargo Packaging Problems . . . .,
QMFCIAF Report No. 2460, July 1960, p. 29.
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ARMY AIR CARGO IN UNIT PACKS DURING
THE KOREAN CONFLICT
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Volumetric Efficiency: This is a measure of the extent that a container
system ''gets in the way" of the transporting of the cargo itself. The
container’s external volume must be fitted into the larger "container’--
the truck, plane, or other cargo space. The container, however. has
only its internal volume available for the actual cargo. Consequently,
"Volumetric Efficiency” is defined as the ratio of a container's internal
to its external volume.

Weight Efficiency: In similar manner, the weight of the container
reduces the efficiency of the carrying vehicle. Unlike volumetric
efficiency, however, the weight efficiency of the container is not a
fixed figure. When the container is loaded to its gpecified maximum
weight. the ratio of cargo (net) to cargo-plus-container (gross) weights
is fixed. Otherwise, when carrying cargo of lower densities with
which it is impossible to reach the maximum weight, the net/gross
ratio will vary as the density varies. Consequently, the "Weight
Efficiency” is defined as the expected cargo net weight divided by

that net plus the container weight.

Internal Stowage Utilization Factor: When loose cargo is loaded into
any space, not all of the available space can be utilized because the
cargo packages do not fit the space exactly. Therefore, unused space
may be expected in containers employed in air resupply unless all
items are required to be packed in boxes whose sizes are modular

to the internal dimensions of container.! If this requirement can be
met, the "stowage factor” or ratio of volume utilization will be close
to 1.0.

It may be expected, however, that this condition will not be consistently
met for several reasons: (1) the large number of possible air resupply
items would make such size control difficult; (2) the wide diversity in
sizes of unpackaged items would cause space wastage if required to be
pac.ked in one of a small set of standard boxes; and (3) the items may be
carried by cargo systems other than containers. Consecuently, it
should be anticipated that a certain proportion of the internal cubic

Such as the "General Purpose Containers" proposed in the report Supply
Segmentation and Unitization, QMB Project No. 23, June 1961, Quarter-
master Board, U.S. Army, Fort Lee, Virginia, p. 72. This modular
subsize concept is also similar to the CONEX insert container.
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capacity of the container will not be occupied with cargo because of the
impossibility of perfect fitting.

Internal stowage factors experienced in modern cargo systems may vary
between 0.50 for large items in ship's holds to as high as 0.85 or 0.90
with small rectangular boxes packed in large transporters or containers.

It is immediately apparent that stowage factor is a function of the con-
tainer internal dimensions and dimensional ratios, plus cargo package
dimensions and dimensional ratios. For a given population of packaged
items, the expected internal stowage factor in a container will vary
between containers of different dimensions. In general, as the internal
volume decreases, the stowage factor decreases. It is also interesting
to note that a package or a container with an exactly square base is not
desirable, since the possibility of improving packing efficiency by
changing orientation is reduced.

In a recent paper, 1 results of a detailed computer calculation of stowage
factors were reported for a wide variety of package sizes stowed in
containers of different internal volume. Stowage factors fluctuated
widely for each package in varying container sizes, or for each con-
tainer filled with varying package sizes. It is possible, however, to
extract representative levels and trend of stowage factor versus internal
volume for the package size range of interest (approximately .05 3

to 6 ft3) from the fluctuations caused by complex interactions of specific
dimensional ratios. The lower curve in Figure 8 shows stowage factor
extracted from the results in the report.

Improvements in stowage factor in an Army air cargo container over
those calculated in the report will result from (1) mixing of different
package sizes in modularized loads, or (2) adopting a limited amount
of standardized package sizes designed for container fit, and (3) more
ingenious packing than the simple choice routine that was used in the
computer program. Because of these three factors, stowage loss
(1.0 minus stowage factor) in an Army container is assumed to be
only one-half as great as that calculated for the cargo treated in the
report.

An Engineering Analysis of Cargo Handling- -VI Containerization, July
1957, by Joseph D. Carrabino, Department of Engineering, University of
California, Los Angeles, sponsored by Office of Naval Research under
Contract No. Nonr 233(07).
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If the stowage factor is adjusted upward by this consistent proportion,
stowage factor as a function of container volume may be considered to
behave as shown by the upper curve in Figure 8.

Measures of Cargo Carrying Efficiency in Vehicles

Besides the above considerations concerning the influence of a container's size
on its performance as a cargo carrying device, it is necessary to examine the
effect of container size on the cargo carrying performance of the aircraft and
vehicles in which the container moves. Two requirements are readily apparent:
(1) the weight carrying capacity of the vehicle should be optimized and (2) the
vehicle cube utilization should be maximized.

Cube-Out Loss

In order to express the loss of vehicle capacity caused when the vel.icle is filled
with containers but does not contain its maximum capacity, the concept of cube-
out loss is introduced. For each vehicle, the maximum rnumber of a particular
container that can be loaded within it is calculated. If, when this maximum
number of containers is filled with cargo of the minimum density, the votal
weight is less than the vehicle capacity, a cube-out loss is seen to occur.

The critical cargo density is the density at which the maximum number of con-
tainers exactly equals the aircraft weight capacity when filled with cargo of that
density. Below this critical density, cube-out loss occurs; above it, no cube-out
loss is sustained.

Because the dengity assumption is based on a distribution of «cusities versus
their frequency of occurrence, the probability of a cube-out loss can be cal-
culated for each container in each vehicle. Similarly, the expected number of
pounds of cube-out loss for the container -vehicle combination under study can
be calculated. Figure 9 shows a plot of the density distribution, with the density
at which cube-out occurs for a particular container and a particular vehicle
plotted on the line and the method of calculating this density shown above the

figure.

Step-Function Loss

A second class of cargo capacity loss occurs as a result of imperfect matching
of total container load with vehicle weight capacity. For example, if containers
weighing 2000 1bs are to be carried in an aircraft with cargo capacity of 7500 lbs,
only three containers may be loaded aboard, since four would exceed the weight
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Probability of
Occurrence of Cargo of Density Less than "D"

CALCULATION

For vehicle with capacity = 73500 lbs

Container with effective internal volume = 38 ft3
and tare weight = 150 lbs

Maximum number of containers that may be loaded = 6

a. Density at cube-out = [1_5??2 - 150] -3% = 29 lbs,/ft3
(29 -5) _

b. Probability of cube-out =

1001

[
=
1

(Percent of Cargo Less than Density "D'')
[ )
?

.685

(40 - 5)

| Condition at
Which Cube-out
Occurs

liDensity at C ube-out

FIGURE 9

L e
20 30 40

Density "D - Lb/Ft3

EXAMPLE OF CUBE-OUT DENSITY
AND PROBABILITY CALCULATION
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limit. Consequently, a loss of cargo capacity of 1500 lbs is sustained. A step-
function loss may be expected with loads that do not "'cube-out” the vehicle.
Since Army trucks are expected to "cube-out” ir the ma jority of loadings, the
step-function loss is of concern chiefly in the aircraft. It depends on the weight
of the containers to be loaded and the cargo capacity of the aircraft, both of
which will vary. In order to compare the step-function loss of different con-
tainers, aircraft cargo capacity i3 fixed and the influence of the container's
capacity is studied.

Similar to the cube-out loss, the step-function loss varies with the varying
density of the cargo. A certain proportion of containers will be ioaded with
material of such high density that they will weigh the specified maximum weight
before they are fully loaded. However, when the density is lower the containers
may be filled completely and inay have a tota! weight over a wide range. How-
ever, since the cargo density is described with an assumed probebility distribu-
tion it is possible to calculate the probability that a step-function loss occurs.
Likewise, an expected amount of step-function loss, or the average loss of this
type over a long period of time, can be calculated.

Figure !0 shows an example of varying cargo density for a certain container in
a particular vehicle and shows the number of contairers that can be loaded into
that vehicle when fiiied with cargo of density varying across the agssumed range.
The vertical distance between the continuous curve and the stairstep curve is
the step-function loss for the container specified when filled with cargo of the
density on the abscissa.

The importance of the step-funciion loss consideration is reduced to the extent
that the following situations exist when an aircraft is loaded.

Cergo of more than one type, and hence containers of different total
weights, are available to be loaded into the aircraft. This allows a

degree of freedom of choice when attempting to load to meet the air-
craft capacity.

Noncontainerized cargo is available for loading with the containers--
allowing freedom to adjust the total cargo load to meet the aircraft

weight capacity.

Conflicting Requirements

It is clear from consideration of the evaluatioa criteria tha* for different reascns
ons might prefer to have either a large or a small container in an air trinsportable
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cargo system. As may be shown by simple geometry, a container with 1-inch
walls, a 4-inch base, snd smaller than 3 feet on a side results in very low
volumetric efficilency Aeight efficiency in like manner decreases for small
containers. Also, a lower stowage factor can be expected for small internal
volume containers. For these reasons it would be desirable to have ae large

a container as possible. However, the larger container is more difficult to fit
into vehicles of different sizes and shapes. Similarly, the larger container has
greater weigl.t for a particular cargo density, and the step-function loss is in-
creased. Since the 3,4-ton truck effectively places a 2000-1b upper limit on the
weigh® of the cargo anu container, it is necessary to have a container small
enoug'i so that it does not too frequently reach a total weight of 2000 lhs bafore
being filled. When this occurs, a waste of space inside the container is ex-
perienced, some type of dunnage i8 required, and the weight efficiency of the
container a8 a cargo carrying element is reduced.

Zvaluation Methodology

In order to determine the container size meeting the developed requirements
that is optimum with respect to the evaluation criteria, it was necessary to
calculate the values of the evaluation criteria for a large number of possible
sizes. In addition, it was desirable to investigate the sensitivity of each of
these criterion to changes in container dimensions and to changes in initial as-
sumptions such as container material weight, cargo density, and methods of
stowing the containers in the vehicle cargo spaces. For the purpose of rapid
evaluation of many container sizes under variation of the several assumed
variables. a computer program was written in FORTRAN for the IBM 1401 com-
puter. This program allowed evaluation of any container size under any chosen
set of exterior conditions. Variables or exterior conditions that were set for
each evaluation calculation were as follows:

Contsiner wall thickness

Container material density

Container base height

Cargo density, both maximum ard minimum

Specified maximum weight of the container and contents
Weight capacities of the different Army aircraft and trucks

Input to the computer program consisted of height, width, and length dimensions
of a candidate container, and a card representing a column of a "fit" matrix

31



which contained the maximum number of that particular container that could be
loaded in each aircraft or truck. The computer program then caiculated the
internal volume of the container, the container volumetric efficiency as defined
above, and weight efficiency. Likewise, the internal stowage loss, the expected
or average unoccupied space due to loading to the maximum weight, and the
expected loaded welght of the container are calculated for each container. In
addition, the program computed the probability that the container weighed th:
specified maximum weight, as well as the probability that the container would
cube out in each of the six vehicles. The step-function loss and the cube out
loss to be expected with that container were calculated for each of the six vehi-

cles. An example of the print-out of one calculation run with this program is
enclosed as Appendix I.

Sizes Considered

Initially, a wide variety of container shapes and sizes were considered. Re-
strictions placed by various elements of the logistic system. discussed above
as developed requirements, may be summarized as follows:

The container should be right rectangular .
The container should be assembleable into 108- by 88-inch modules.

The container should be no more than 70 inches tall, and have a base
less than approximately 45 by 63 inches (the CV-2 overhead clearance
and the 3/4-ton truck bed dimensions, respectively).

Two basic methods of meeting the requirements that containers be joinable to a
total dimension of both 108" and 88" are possible. In the simplest method the
containers fit exactly in a 108" x 88" block as in Figure 11a. More size freedom
is available when containers are arranged in an irregular manner such as in
Figure 11b. Several of these irregular arrangements were first evaluated with
the computer program and found to be of no significant advantage over the
simpler arrangement of Figure 1la. The more irregular arrangements have
the added disadvantages that they require rpecific orientation before joining,
they require that the joining mechanism be capable of fastening the containers
together at more tlian one specific point, and they cannot be joined conveniently
to form a module less than the 108" x 88" gize. For these reasons, only simple
divisions of the basic 108" x 88" rectangle were considered. The following
eight container sizes showed promise of meeting all constraints, with good per -
formance characteristics. Numbers 5, 7, and 8 in Table 4 do not, however,
meet che requirement of fitting in the 3/4-ton trick. They are included in order
to {llustrate the effect of that constraint.
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TABLE 4

EXTERNAL DIMENSIONS OF CONTAINER SIZES EVALUATED

g = e et e o e e e e gy e —— e e =t e e e

External Dimensions

Candidate Height Width Length
Container (Inches) (Inches) (Inches)

1 50 36 44

2 35 44 54

3 50 44 54

4 60 44 54

S 35 54 88

6 70 44 54

7 50 54 88

8 60 54 88

e == —

These eight sizes chosen for final analysis and comparison result from the fol-
lowing considerations:

1. 36- x 44-inch base--fits six to the 463L master platform (88" x 108")
dimensicns.

2. 44- x 54-inch base--fits four to the 463L master platform (88" x 108")
dimensions .

3. 54- x 88-inch base- -fits two to the 463L master platform (88" x 108")
dimensions .

4. 35-inch height--fits all Army aircraft when stacked two high.

S. 50-inch height--included as being comparable to current 40 x 48 pallet
loads .

6. 60-inch height--maximum height that allows double stacking in 463L
Air Force aircraft.
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7. 70-inch height- -maximum height that fits in all Army aircrafe. !

Results of Evaluation

More thar 100 combinations of container internal and external dimensions were
evaluated by the computer program. Results of the evaluation of the eight
selected sizes are shown in Tabie 5. General results from all of the calculation
runs may be summarized as follows:

Volumetric efficlency increases with increasing container size, but does
not change sharply on the range of internal volumes consicered--from 38
to 145 ft3. The average increase in efficiency was about 2.3% per 10 ft3
increase in internal volume.

Expected. or average, loaded weight increases less rapidly than increas-
ing internal volume.

The step-function loss, in like manner, increases sharply with increasing
internal volume.

Cube-out loss for Army aircraft varies sharply fur the eight containers
chosen. This fluctuation is caused by the manner in which each container
fits into the three Army aircraft, which sets the maximum number of
containers that can be loaded into each aircraft.

The probability of occurrence of empty space in a container. caused
by reaching the specified maximum weight, is zero for the smaller
containers. This probability begins to increase for internal voelumes
greater than about 55 ft3.

Volumetric efficiency decreases rapidly with increasing container wall
thickness - -the volumetric efficiency for a 1.5-inch wall thickness
would be approximately 10% lower .nan the values shown in Table 5,
calculated for a 3/4-inch thickness.

1  The 70-inch height was chosen as the tallest container that may be loaded into
the CV-2 aircraft (see Table 2). Before detailed design is undertaken of this
container, careful study and n: '‘asurement of the loading hardware and com-
partment entrance measurements of the CV-2 would be required. It is neces-
sary that, at any possible ramp angle, the chord from the center of the point
of rotation on the container’s 54-inch bottom: edge to the leading upper edge
may be rotated about the handling hardware's point of entry rotation and still
clear the closest overhead obstruction.
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The step-function and cube-out losses shown in Table 5 are the sums of the ex-
pected values for the three aircraft. Probability of vacant space is also shown,
which may be considered as the proportion of the time that a particular con-
tainer may not be fully packed, due to reaching the 2000-1b limit. The "Stowage
Factor” is the internal stowage utilization factor discussed above as an evalua-
tion criterion. Expected loaded weight is the average weight of cargo expected
to be carried by the container plus the container weight.

Figure 12 shows container performance in terms of aircraft capacity.l The
average load expected to be carried by each Army aircraft when loaded with the
containers listed in Table 4 is plotted against the internal volume of the con-
tainers. The expected load i{s expressed as a percent of the cargo capacity of
each aircraft.2

As may be seen from Figure 12, containers numbered 2, 4, 5, 6, and 8 provide
both greater than 90-percent weight capacity utilization in the CV-2 and greater
than 98-percert weight capacity utilization in the CV-7 and CH-47. Numbers 5
and 8, however, were of the 54- by 88-inch base group. included only for com-
parison. Since they Jo not fit the 3/4-ton truck, they will not be considered
further .

Container numbers 2, 4, and 6 are preferred on the basis of cargo carrying per-
formance. These three containers have base dimensions of 44" x 54" and are
35", 60", and 70" high. Throughout the remainder of this report they will be
identified by their height alone.

1 The effect of step-function loss is neglected in Figure 12, because this loss
is considered less significant than the cube-out loss, for the reasons out-
lined on page 29. It should be recognized, however, that in situations where
one supply item packed in containers must be loaded into an aircraft with no
leeway to add other noncontainerized cargo, some loss will be incurred due
to inexact matching of load with container capacity.

2  The polnts in Figure 12 are connected only for clarity. The connecting
lines do not represent performance values for container internal volumes
between any two numberad containers.



ALIDVAVD ODYVD LAVYDNUIV 40
INIDYAd V SV SHZIS ¥INIV.INOD LHOIF ¥Od LAdVIOYUIV
ANYY FFYHL 40 ALIDVAYD ONIAYYVD OO¥WVD dd.LOFIXH Z1 29NDId

mum ‘QUINjOA [BUXIIU] IUTLRIUOD

08

091 (0,41 0Z1 001 08 a9 oy 0z 0
i ) L b . L | L | L._ | | ] 1
Z z ZiZ |Z Z A
.O (o] o |O .0 (o] (=]
oo -3 ol | w ()

T-AD

( sqel 03 13)3Y) T "ON I3ujeuo)

L-AD
L¥-HO

— 06

Kyjoede) 1810, JO 1Ua013¢d ‘Aoede)) od1e) parsedxy

38



B R

ALLOWABLE CONTAINER WEIGHT

As specified in the statement of work, container weight cannot exceed the weight
of level A packing and unitizing materials replaced by the container. Weights of
packing and unitizing materials used in the calculations are listed in Table 6.

TABLE 6

WEIGHTS OF PACKING AND UNITIZING MATERIALS'
Solid fiberboard, grade V2§ .44 1b/fe2
Corrugated boxboard, grade V3C .24 1b/fe2
Commercial 200# test corrugated board .15 1b/ft2

Wooden box for level A pack 1.60 1bg/ft2

The range of allowable weight for three most promising containers selected on
the basis of size and carrying capacity is shown in Figure 13. The calculations
are based on an average carton size of 1.5 ft3, and are in close agreement with
several studies of the physical size of Army shipments.2 The amount of packing
materials required is not greatly influenced by the size of cartons, however.
Figure 14 illustrates the effect on packing material as carton volume changes.
The calculation is made for an 84 ft3 container reduced by the stowage factor,
using cartons of equal dimensions (length = width = height). Rectangular cartons
would require more material per unit volume; thus calculations based on equi-
dimensional cartons are on the conservative side. As shown in Figure 14, the
reduction in carton material decreases orly 22% a« carton size is increased from
1 cubic foot to 2 cubic feet. The effect is less as carton volume is increased
further.

The allowable container weight is heavily influenced by the amount and type of
packing material replaced. As a criterion for allowable container weight, the
packing material in an average load has been estimated to be 10% wooden boxes,
25% V2S carton material and 65% V3C cartor material. This proportion has been
determined chiefly through observation of the packing materials used at several
Army and Air Force depots, plus observation of cargo moving through the MATS
system. Using these proportions of packing material, the allowable weight for
the three containers considered are shown in the following table.

1 Source of material weights: Boxboard weights from U.S. Army Food &
Container Institute; wooden box weights calculated from informati 3 obtained
at Oakland Army Termina); and pallet weight obtained from USAAML..

2  Transportation of Subsistence to the Northeast Air Command - MCTC, 1956,
Export Packaging Study for Aerial Delivery Planning 7-87-03-004 Aerial
Delivery Equipment, September 1954.
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TABLE 7

ALLOWABLE WEIGHT FOR CONTAINERS BASED ON
AVERAGE PALLET LOAD OF 10% WOODEN BOXES, 25%
V3C PACKING MATERIAL

- — e e e o ke e — g e e — e ot = e o ek

Container Container Allowable
Size Volume Weight
(£e3) (1bs)
44" x 54" x 35" high 39 90
44" x 54" x 60" high 71 165
44" 2 54” x 70" high 84 195

CONTAINER EVALUATION BASED ON ALLOWABLE WEIGHT

The allowable weight of 90 pounds for the 35-inch-high container is unreasonably
low. It would be extremely difficult, if not impossible, to construct a container
of this size to meet the requirements and hold it to a 90-pound limit. Therefore,
the 35-inch-high (39 ft3) container will not receive further consideration. For
the 60-inch- and 70-inch-high containers, the estimated allowable weights of

165 pounds and 195 pounds, respectively, appear to be a reasonable target for
the air transportable container.
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JUSTIFIABLE COST OF CONTAINER

As previously stated, the proposed container system would replace loads unitizec
on 40" x 48" pallets. In addition, the containers considered have been limited to
those sizes which are modular to the 463L platform. This restriction has been
imposed because it is recognized that a container system which eliminates the
need for carry.ng the master platform permits substantial cost savings. Although
not specifically stated, the requirement for using the empty container for other
purposes upon delivery of its contents implies disposing of it after one trip. Ac-
cordingly, the container has been considered as a noraccountable item and justi-
fiable cost has been estimated for a single trip.

In this section, the justifiable container cost is developed by estimating the
material, labor, handling, and transportation cost savings resulting from the
proposed container system. The 60" - and 70" -high containers are compared to
the standard pallet load. A cost estimate for a nonmodular container is included
as justification for the original assumption that only modular containers should
be considered.

MATERIAL SAVINGS RESULTING FROM CONTAINERIZATION

The cost difference between level A packing plug a disposable pallet and level C
packing for containerized supply items has been estimated. Cost elements used
for packing operations are shown below.

TABLE 8
COST ELEMENTS FOR PACKING OPERATIONS®
Level A packing in corrugated V3C cartons $ .75 per tt3
(includes labor and material)
Level A packing in solid fiberboard V2§ cartons .85 per tt3
(includes labor and material)
3
Level A packing in wooden boxes 1.50 per ft
(includes labor and material)
!
Level C packing in corrugated cartons .59 per it

(includes labor and material)
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TABLE 8 (coned)

Cost of 40" x 48" disposadlc wooden pallet $2.80

om——

*  Packing costs obtained from Cakland Army Terminal. Pallet cost obtained
fromUSAAML.

The range of material cost differences for various combinations of packing
methods is shown in Figure 15. Using the same proportions of packing materials
as estimated for calculating the aliowable weight, the expected cost saving in
materials is tabulated in the following table.

TABLE 9

ESTIMATED MATERIAL SAVINGS PER CONTAINER BASED
ON AVERAGE PALLET LCAD OF 10% WOODEN BOXES,

252@ V2S, AND 659’2 V3C PACKING MATERIAL

Container Container Material
Size Volume Cost Savings
44" x 54" x 60" high 71 ft3 $20.00
44" x 54" x 70" high 84 ft3 $24.00

TRANSPORTATION, HANDLING, & LABOR COST OF PALLET & CONTAINER
SYSTEMS

Cost elements for packing and transporting a unitized load (pallet or container)
through the ALOC are given below.
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TABLE 10

Labor rate {or mamual operations $3.00 per hour

Pallet buildup and container filling

rate 2000 lbs/man-hour
Forklift truck operating cost $4.00 per hour

(includes labor cost of operator)

Surface transport in CONUS $ .02 per ton mile

MATS airlift $ .18 per ton mile within

CONUS plus per pound rate
to designated overseas

destinations.
Theater airlift $ .18 per ton mile
Army airlift CV-2 cost per
operating hour $260.00

A cost compari: ° of labor, handling, and transportation has been made for a
typical standard »_my palletized load and for two containers. The 70" container
is considered two ways: (1) fitting the 463L rail and (2) requiring 463L platforms
and nets. The basis for cost comparison is shown in the following table.
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TABLE 11

BASIS FOR COST COMPARISON FOR MOVING PALLET AND
CONTAINER THRO'JGH THE ALOC FROM CONUS TO BATTALION

Pallet Pounds

Weight of cargo packed to level C 1410

Weight of extra packing material required for

level A protection 120

Pallet weight 75
TOTAL WEIGHT 1605

Container (44" x 54" x 70" high, 84 fts)

Weight of cargo packed to level C 1410
Weight of container 195
TOTAL WEIGHT 1605

Container (44" x 54" x 60" high, 71 fts)

Weight of cargo packed to ievel C 1285
Weight of container 165
TOTAL WEIGHT 145

In the above table, the weight of cargo is considered to be packed to level C
protection in each case. The actual weight of cargo per pallet load is increased
by the extra weight of packing material required for level A protection.

Many of the handling operations are considered to be equal for pallets and con-
tainers. Although estimates have been made for all major handling operations,
they cancel out in the comparative cost figures.

For comparative purposes, in the transportation segments where the 463L plat-
form and nets must be used, the chargeable weight of the platform and netting
(90 1bs) has been included as payload. Hence, the transportation cost for these
segments is calculated by including the weight of the required 463L equipment
which is airlifted.
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Transportation charges for M/ TS movement in CONUS are estimated ton-mile
rates calculated from rate tables for special assignment missions 1 MaTs
transportation charges to overseas destinations were obtained directly from rate
tables. These rates include the cost of terminal handling. Since the compara-
tive cost figures include estimates for terminal ha»dling, the total transportation
cost is in error by a small amount. The analysis serves to point out the differ -
ences in handlingoperations and costs for the various unitizing methods compared.

The cost of Air Force Theater airlift was assumed to be equal to MATS special
mission rates because no figures for this segment of the ALOC were readily
available. Transport cost for the Army airlift segment is based on $260 per
operating hour for the CV-2 aircraft. 2

Direct labor and forklift-truck operating costs are based on comparable indus-
trial operations.

Figure 16 shows a detailed flow diagram of a palletized load of Army cargo
through the ALOC froin CONUS to battalion level overseas. Figure 17 is an
equivalent flow diagram for containers which are modvlar with the 463L platform.

Table 12 gives a summary of costs estimated for the delivery of comparable

pallet or container through a typical ALOC from the Unired States to an overseas
battaiion area. The example used is the European theater.

COST SAVINGS OF CONTAINERIZED SYSTEM IN ALOC

The results of labor, handling, and transportation cost< for pallet and container
systems show that there is no saving unless the cortainer replaces the 463L
master platform when shipped through the ALOC. The results tabulated in
Table 12 also show the cost per pound to ship cargo in the 60" - and 70" -high
container to be equal, assuming container weight to be 165 lbs and 195 lbs, re-

spectively.

The total savings estimated for a 70" -high, 84 -3 container over a standard
pallet load when moving through the ALOC from CONUS to the European theater
is $33.95 ($679.15 minus $645.20).

1 AFR 76-11 Military Airlift Common User Tariff Rates, April 1964.

2 Maintenance & Operating Cost for Army Aircraft #335-3, U.S. Army
Aviation Command, August 1963.
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TABLE 12

COST ESTIMATE OF TRANSPORTATION, HANDLING, AND LABOR
FOR ARMY PAnLLETIZED LOAD AND THREE CONTAINERS THROUGH
A TYPICAL ALOC FROM CONUS TO THE EUROPEAN THEATER

Container(84 ft3) 3
Container(84 ft ) Equivalentvolume Container(71} ft')
44"'x54"x70"high but requiring 44"x54"'x60"'high
Pallet Modular to 463L 463L platform for Modular to 463L
40"x48"  rail system  Air Force handling  rail system

Pallet buildup $ 2.85 $ 3.15 € 3.15 $ 3.00
or container
loading

Handling and 3.40 3.20 3.40 3.20
surface trans-

portation in
CONUS

MATS airlift 575.50 545.75 575.50 493.00
(1000 miles

within CONUS

then to Prance)

Overseas tandling 77.05 72.65 77.05 65.70
and transporta -

tion (500 mi) by

Air Force

Overseas handling 20.35 20.45 20.35 20.45
and transporta-

tion (50 mi) by

Army

TOTAL COST  $679.15  $645.20 $679.45 $585.35

Cargo weight 1410% 1410 1410% 1285#
carried

Cost/Pound $.482 $.457 $.482 $.457
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INFLUENCE OF ALOC LENGTH ON COST SAVINGS

Of the estimated $33.95 cost savings for the 70" -high container, $22.75 is at-
tributable to the MATS segment of the ALOC. This ig the largest single factor;
hence, the expected to.al savings is a function of the length (and cost) of this
gegment. Table 13 illustrates the relationship of the MATS intercontinental
segment to savings attainable. For this calculation, all other costs are agssumed
to remain fixed.

TABLE 13
TRANSPORTATION, HANDLING, AND LABOR SAVINGS FOR THE

44" - x 54”- x 70" -HIGH CONTAINER OVER PALLETIZED LOADS
AS A FUNCTION OF LENGTH OF MATS SEGMENT

MATS
Intercontinental Segment Estimated Total Cost Estimated
Origin Destination Pallet Container Savings
East Coast
APOE Paris, France $ 681 $ 647 $34
Naples, Italy 808 767 4]
Athens, Greece 886 839 47
West Coast
APOE Tokyo, Japan 856 811 45
Taipei, Taiwan 978 929 49
Bangkok, Thailand 1, 083 1,028 55
New Delhi, India 1, 258 1,191 67

SAVINGS ON DEPRECIATION OF MASTER PLATFORM

A small saving will accrue to the Air Force due to elimination of the master
platform when airliftiag Army containers. This is the saving on the platform
depreciation, which can be considered as a saving on initial investment.

No accurate statistics are available from the Air Force regarding the expected

life of master platforms. The consensus of those people questioned was that the
useful life of platforms would be at least 300 trips. The cost of master platforms
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plus netting is approximately $300. Since a container would replace one-fourth
of a master platform, the saving which woulc result from not using the platform

would be approximately $.25 per container per trip. This saving is neglected
in justifying the container cost.

JUSTIFIABLE CONTAINER COST

The container cost can be justified by two elements of savings: (1) level A pack-
ing and unitizing materials replaced, and (2) transportation, handling, and labor
savings which result from substituting the centainer for a palletized load. The
sum of these possible savings is shown in the following table.

TABLE 14

RANGE OF EXPECTED SAVINGS PER CONTAINER
(44" x 55" x 70", 84 ft3)
WHEN TRANSPORTED TO OVERSEAS BATTALION

Trausportation,
Material Handling, & Labor Total
$24.00 $34.00 $58.00
24.00 67.00 31.00

Based on the foregoing estimates, a container cost of $58.00 is justifiable for
the 44" x 54" x 70" high container.
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SUMMARY OF COMNTAINER SELECTION RESULTS

Results of the analysis for the =ight coniainer candidates which were listed in

the "Size and Carrv'ug Capacity” section are summarized in Table )5, The con-
tainers have been sunalyzed with respect to their performance as a cargo carrying
device and their performance when being transported in the specified surface
vehicles and aircraft. Allowable weizht and justifiable cost has been estimated
for those containers which met the criteria estabdlished in the "Size and Carrying
Capacity” section.

Obviously, the container weight, cost, wall thickness, and base height shouid be
held to a minimum consistent with good engineering design. The wall-thickness
and base-height dimensions have been selected as being reasonable. The re-
sulting weight and cost figures also seem to be reasonable to achieve. The pre-
ferred container (No. 6) has the following developed dimensions, weight, and
cost.

Outside dimensions 70" high x 44" wide x 54" long

Wall thick.ess = 3/4 inch
Basge heigit = 4 inches
Allowable weight = 195 pounds
Justifiable cost = $58.00
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OPTIMIZATION OF ARMY AIRCRAFT CAPACITIES

In order to assess the degree of optimization or maximization of aircraft capacity
attained by the selected container, it {s necessary to define the relevant measure
of aircraft capacity. Afircraft may be considered to have cargo capacity of a
certain number of pounds, or of 2 certain number of cubic feet of cargo cempart-
ment.

WEIGHT CAPACITY UTILIZATION

The size evaluation carried out in the above sections was concerned mainly with
utilization of aircraft weight capacity. In Army aircraft, the weight limit is of
much greater concern than is the space limitation; planes are more often fou~d
to "gross out” than te “cube out.” This may be illustrated by considering the
fact that if the CV2 Caribou were filled with cargo of an average density of 22 lbs
per cubic foot, it would contain over three times its maximum weight capacity.
Incomplete utilization of aircraft weight capacity, expressed as cube-out loss, is
less for the chosen container than for any of the other sizes considered. Conse-
quently, the size chosen was considered to provide the maximum realizable
utilization of Army aircraft weight capacity.

SPACE UTILIZATION

Although of secondary importance to weight capacity utilization in the specified
Army aircraft, the cargo space utilization becomes important wh=n low density
cargo is to be transported. The followiny section demonstrates the fit of con-
tainers in the specified Army aircraft.

56



TRANSPORT FIT AND COMPATIBILITY

Figures 18 and '9 show plan and elevation views of the transport fit of the pre-
ferred container in three Army aircraft. The arrangement of 12 containers
shown to fit the CH-47 Chinook allows only a 2-inch side clearance; hence, it
wouid be possible only if special tiedown fittings were used. Eight containers
will fit the aircraft easily if placed in a single row with the 54" dimension across
the cargo compartment similar to the method shown for the CV-2 Cariboz. With
this configuration, conventional tiedown fittings can be used.

The transport fit for the CV-7 Buffalo is premised on the installation of the 463L
roller and rail system. The side clearance in this aircraft is 4", which also
would require special tiedown fittings if the 463L system were not used. Eight
containers will fit in a single row ir the same manner as shown for the CV-2.

In both the CV-7 and the CH-47, the weight of eight containers loaded to the aver-
age expected gross weight of 1600 lbs is more than the capacity of the aircraft.

Figure 20 shows the plan view of the container fit in specified Army surface

vehicles. The container will fit the M-36 and M-37 trucks only with the canvas
top remaoved. No elevation view is shown for these vehicles.

COMPATIBILITY WITH FIELD ARMY MATERIALS HANDLING EQUIPMI’NT

The 70" x 44" x 54" container size chosen is compatible with cuirant and probable
future Army field materials handling equipment. All equipment currently used
with the standard 40" x 48" x 54" palletized load 1s capable of handling the con-
tainer, since its base allows four-way fork entry, its dimensions are closely
comparable to the pallet ioad, and its maximum weight is less than many stand-
ard pallet loads.

Tab _ 16 lists several of the Army field materials handling equipment that may
be employed in future field vperations and their important ctmracteristicsl. and
the container arrangements they are capable of handling.

1  Army Air Logistical Study, Contract DA44-177-T6-754, December 1962,
p. 159.
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FIGURE 19 SIDE ELEVATION VIEW OF TRANSPORT FIT OF
44" x 54" x 70" CONTAINER IN ARMY AIRCRAFT
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TABLE 16

CHARACTERISTICS OF FIELD ARMY MATERIALS HANDLING
EQUIPMENT AND CONTAINER LIFTING CAPABILITIES

Rated Load
at 24" Load Fork
Vehicle Center Length Container Arrangements That May be Handled
pounds inches 44 54 44 54
o4 " 108 88
Sandptper 4,000 40 X X X X
L-42
ART-30 3,000 40 X X X X
Telefork 6,000 48 X X X X
62
Telefork 10,000 60 X X X X
102

Containers of the recommended size will be compatible with all 463L materials
handling equipment, since the modular arrangement of four containers will have
the same base dimeinsion, base ond edge configuration, and no greater loaded
weight than the 463L platform. Corventional forklift trucks will be abie to handle
the container at depots throughout the transportation system, since essentially
all forklift trucks have at least 2000- 1bs capacity at 24" load center.

COMPATIBILITY OF MARRIED MODULES WITH 463L EQUIPMENT

The Air Force 463L equipment used in MATS and the Theater Airlift is designed
to handle master platforms measuring 88" x {08". Four of the propased con-
tainers will equal one master platform in size. The 463L rail system has re-
straining bolts on 30" centers, and these bolts must mate with corresponding
cut-outs in the container base.

The preferred solution to this problem is to join containers in pairs only, with

the capability of joining them to fit either the 108" - cr 88" - width rails. They
can be hardled in groups of four containers (i.e., twc pairs) on the standard
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terminal handling equipment. Yet they can be separated when loading in the air-
craft in order to fit the restraining bolt spacing. Figure 21 shows the arrange-
ment of four containers when locked in the 88" rail system. For either the 108"
or 88" rail spacing, a 6-inch space between each pair of containers would be
necessary. If this arrangement were used in the CV-7, the overall length re-
quired for the 12 containers shown in Figure 18 would be 354". This v.ould have

no effect on the transport fit since the usable cargo space for this xircraft is
377",

USE FOR AIRDROPPABLE AND SLUNG LOADS

The container should be capable of being air dropped when rigged with adeqnate
shock absorption material. Present Army practice for dropping pallet loads of
supplies is to use an A-22 fabric container with the chute rigged on top of the
load. The preferred container is too high to rig the chute on top and clear the
aircraft. However, the chute can be rigged on the side of the container in a
satisfactory manner. For the three aircraft considered, the additional space
required by the chute would not change the transport fit in any way.

Transporting the container as a slung load from a helicopter requires that ap-
propriate attachments must be provided for lifting. The shock and vibration

requirements for this type of movement are less than others encountered in the
ALOC.
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ADDITIONAL FACTORS FCOR EVALUATING THE CONTAINER SYSTEM

Several economic and effectiveness factors should be considered for a complete
anaiysis of the container system. These measures are discussed in this section.

EFFECTIVENESS IMPROVEMENT IN THE ARMY RESUPPLY FUNCTION

There is no significant operational improvement for a container system in com-
parison to unitized pallet loads when considering such effectiveness measures as
response time for support operations, aircraft restraint operations, or terminal
operations. The unitized load on a standard 40 x 48" pallet will move through
the ALOC with approximately the same spc d and number of handling operations
as the container .

The 4631. materials handling support system is currently being considered for
Army aircraft, and the CV-7 will be equipped with an experimental roller and
rail system to accommodate the 88" x 108" master platform. If this aircraft
comes into general use for transporting Army supplies with a built-in cargo
handling system, an effectiveness improvement or recovery would accrue to the
Army transport system. Introduction of the 463L system reduces the carrying
capacity of the aircraft because of the added tare weight. The proposed container
system would recover about 50% of this loss. Figure 22 shows the possible im
provement expressed as a function of Army aircraft equipped to handle 463L
master platforms.

A further consideration in favor of the proposed containerized transport svstem
is that the need to return the expensive (and accountable) 463L. master plat.orms
from the battalion level would be eliminated. If Army aircraft are capablc of
transporting loads on master platforms, it would be logical to transfer loads
directly to Army aircraft for movement to the forward area. Hence, the Army
would be responsible for returning the master platforms to thie Air Force. The
use of expendable containers that are compatible with the 463L system would
solve this problem.

EFFECTIVENESS IMPROVEMENT IN THE AIR FORCE TRANSPORT SYSTEM

Eliminating the necessity to carry the 463L platforms is not only a cost saving,
but an effective increase in carrying capacity of the aircraft. In peace time the
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IMPROVEMENT IN ARMY AIR CARGO CAPACITY
AS A FUNCTION OF 463L EQUIPPED AIRCRAFT
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major emphasis is placed on cost savings. During a national emergency, the
increased carrying capacity of the aircraft would assume greater iriportance.

If the average loaded container weight is 1600 lbs and the weight saving per con-
tziner due to eliminating th.. 463L platform is 90 lbs, the effective increase ‘r.
aircraft load carrying capacity is 5.6%. During an emergency, when large
quantities of supplies would be airlifted to overseas destinations, this increase
in capacity would result in an appreciable effectiveness improvement in the air
logistics system.

COST SAVINGS FOR AIR RESUPPLY OF A BATTALION

A breakdown of field Army resupply indicates that between 15 and 20 lbs per man
per day would fill the requirements shipped in the air transportable container 1
The number of containers rcquired per day per battalion, plotted as a function of
the percent of resupply required, is shown in Figure 23.

The range of possible savings resulting from the use of the container replacing

the unitized pallet load in an ALOC is shown in Figure 24. The graphs represent
10%, 20%. and 40% of resupply requirements shipped by air. The proportion of
air resupply required and the length of the ALOC are the two major factors con-
tributing to the estimated savings. A short ALOC would be from CONUS to a
European theater, while a long ALOC would be to Asia. As an example of possible
savings, if 20% of resupply requirements are shipped by air from CONUS to the
overseas battalion area in India (long ALOC), the estimated daily savings, based
on a $50 container, would be $120 per day.

COST FACTORS FOR THE RETURN OF CONTAINERS FOR REUSE

It may be anticipated that some proportion of air transportable containers may be
in such condition after use to warrant return to CONUS fcr reuse. In order to
include peace time, limited war, and extended war possibilities, two different
methods of returning the container through the ALOC may be considered. These
are:

1. Return of container from battalion area (in collapsed condition) to
field Army rear by Army aircraft or trucks.

1 Determination of Requirements for Unitization of Cargo Project CD 58-7,
January 1969, U.S. Army Transportation Combat Developments Group,

Fort Eustis, Virginia.
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Return by theater airlift from field Army rear base to MATS APOE.
Return by MATS aircraft toc MATS APOD on the coast of the CONUS.
2. The same procedure except return from MATS APOE to port of em-

barkation by military surface transportation and return to CONUS
by ship.

These two possible return routes, essentially "air” or "ship”, give rise to four
possible ways to consider the return costs, based on the four following situations .

1. Returning MATS capacity being critical, and return of containers con-
sidered an additional airfreight expense ultimately borne by the Depart-
ment of Defense.

2. Returning MATS capacity not critical, with sufficient unallocated cargo
space to consider the MATS leg of return of containers through the
ALOC as incurring no actual additional cost to the Department of
Defense .

3. In like manner, considering return MSTS or contract surface ship space
is limited, thus adding usual ocean transportation rates to ship return
of containers to CONUS.

4. Sea return of containers in otherwise unoccupied cargo space, incurring
no additional cost for the ocean leg of a return trip.

The cost of returning the container ‘or reuse for the above four situations has
been estimated as shown in Table 17.

TABLE 17
Estimated
No. Description Cost
1 MATS airlifx, charge rate $53.10
2 MATS airlift, no charge 3.30
3 MSTS marine transportation, charge rate 11.60
4 MSTS marine transportation, no charge 3.60

The following assumptions apply: Return from Europesn theater over ALOC
istances identical to those used in Appendix III. Ocean rates based on MSTS
charges, depot handling charges based on commercia! figures and SUNSPOT
depot cost questionnaire responses. Surface rates in the U.S. based on com-
mercial truck and rail rates. Theater return transportation costs not charged.
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The effect of returning the containers for subsequent reuse on the cost savings
of the container system is shown by Table 17 to be dependent on the cost of re-
turn. If MATS transport charges must be assigned to the retura leg, it is clear
that air return is not economically feasible for a container with a purchase cost
in the $50.00 range.

Return by sea, a cheaper method if intercontinenta! trangportation charges are
assigned, has the disadv ntage of requiring a considerably greater number of
containers in the "cycle”, due to the 12 to 25 days required for the ocean leg.

If, on the other hand, return airspace may be considered essentially "free”, air
return of containers may well lower the overail container system cost. The
degree of cost improvement cannot reasonably be postulated, since it will be a
direct function of the proportion of containers that are returnable and the number
of round trips the average container will withstand.

No cost reduction due to return and reuse of containers has been applied to the
justifiable container cost. The following example will serve to illustrate the
possible advantage due to return and reuse, however. If 25% of the containers
are returned for a second trip and if the MATS airlift charges are not imposed,
the justifiable container cost would be increased by $14.00. Considered from
another viewpoint, the effective container cost would be reduced by $7.00; {.e.,
$43.00 for a container costing $50.00.

REDUCTION IN CARGC DAMAGE, LOSS, AND PIL FERAGE RESULTING FROM
CONTAINERIZATION

For commercial shippers, containerization has resulted in a2 reduction of cargo
damage, loss, and pilferage. Reliabie and complete data on the percentage re-
duction do not exist. From the available information it can be inferred that a
saving of about $2.50 per ton can be expected when commercial shipments are
containerized.

The military ALOC is not directly comparable to commercial operations because
the military system {s under somewhat better control and surveillance. Although
it appears that some savings would accrue to the Army in the form of reduced
damage, loss, and pilferage, this has been neglected in estimating the advantages
of the containerized system.
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FORCE ANALYSIS OF THE CONTAINER

In the design of a pinned structure, a force analysis is necessary in order to
perform a stress analysis of individual components. This force analysis is based
on expected conditions of ground handling and transportation for the container as
a single unit, a double unit, and four- and eight-container configurations. Al-
though the 35" -high container has been eliminated as a possible container size,
this analysis considers forces on containers wh.n they are stacked two high.

The analysis is general in approach. It will yield information regarding size and
strength requirements for individual container members only when it is applied
to a specific design concept. However, some assumptions must be made as to
the probable construction of the container in order to accomplish a realistic force
analysis.

The container is conceived to be a closed truss-like structure whose load-carrying
mernbers are simple-shaped members and whose six sides serve only to coatain
the packed cargo and transfer the loadings to the truss. Such a structure is shown
in Figure 25 and becomes the basis for the force analysis. Also shown is a four-
container configuration with the locations {smali squares) of the inter -box attach-
ments. These attachments of the container can sustain tension and shear but are
not needed for compressive forces. Considering cost, weight, and reliability,

the container should be designed for stress rat.er than for buckling resistance.

The following assumpticas are made:

1. The plate (or wall) material is capable of transmitting the internal
inertial loads to the truss-like framework and still remaining intact.

2. The plate material, due to its low buckling strength (hence, low
cost) does not contribute to the basic strength of the load carrying
members (horizontals, verticals, and diagonals).

3. Tension forces are allowed in all members.

4 Compress 2n and bending loads are allowed in horizontal and
vertical members only.

5. No compression loads are allowed in the diagonsls.
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FIGURE 25 BASIC CONTAINER STRUCTURE AND
FOUR -CONTAINER CONFIGURATION
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6. There is no bending resistaice allowed at any joint. This is not a
conservative assumption. Sezondary stresses developed in the
members are usually of the order of 10% of the direct stress.

7. All inertial loads are uniformly distributed over the side of the
cointainer in question. This assumption iz necessary because the
configuration of the contained cargc is unknown.

8. The bottom face of the container s uriformly supported. This as-
sumption applies when a four-conteine- configuration is supported
by the floor mounted rollers within 463.. equipped aircraft.

ANALYSIS

Forklift Handling

Single containers which are handled by forklift will not produce the highest mem-
ber loads. Contalners attached in pairs do, however, create high member loads
as shown in Figure 26 (appropriate "g" loadings are denoted a8 Wg where W
represents the weight of contained cargo and is assumed to be geometrically
centered in the container). The appropriately loaded members are shown in solid
lines while the relatively unloaded members are shown dashed. ‘The g loading

can arise from bumps as the forkliit travels over uneven ground.
The force per attachment is

w-d

1
F-—Wg< >

) tension.

The diagonal tensile load is

F
Fl ~ Cosh
The upright compressive load is

F =Ptan9=l’-l}-.
2 w
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FIGURE 26 FORCE DIAGRAM FOR TWO-CONTAINER
CONFIGURATION WHEN HANDLED BY
FORKLIFT TRUCK
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Although Figure 27 reyresents another possible loading, no g forces are involved
since travel is not possible - -only relocation of the containers by means of fork-
lift at one end.

The compressive force in upper attachment is

w
F= WH'

o | —

The upright compressive load is

F.==W.

1
1 4
Each diagonal tensile load is

N
2 cosB sinf’

The force per lower attachment is

F,=-W

tension.
3

F

The loads in middle uprights are indeterminate.

Vertical Acceleration

Single Layer

For downward acceleration, the bottom face of the container is loaded in a
simple direct compression with a distributed load, Wg. Due to the support
of the - rcraft cargo deck, this is probably an insignificant loading configura-
tion.

Upward acceleration will load the top of the coutainer as a plate with distri-
buted load Wg whose reaction will put the horizontals in bending and the up-
rights in direct tension. The uprights will be loaded with 1/4 Wg and the
horizontals will have a distributed load 1/4 Wg with erd reactions equal to
1/8 Wg.
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Naturally the attachments to the atrcraft must also sustain these upward
loads .

Double Layer

During '~-tical acceleration downward. as shown in Figure 28, the ceatain-
ers, stacked two high, produce simple compression and th= uprights assume
all of the load. The diagonals insure stability.

The compressive force in each bottom upright is

F=-Wg

-

and buckling must be investigated.

During vertical acceleration upward, the bottom uprights are loaded in ten-
sion due to both containers and

I

F=2

Wg tension.

Similarly, the tops of the containers are loaded as a plate and the four upper
horizontals are loaded as beams with distributed '2ad 1/4 Wg and end reac-
tions 1/8 Wg downward.

Forward A-celeration

Single Layer

Figure 29 {llustrates forward acceleration, and even though four containers
are attached they are considered to act as independent pairs. The analysis
of ali four acting rogether would require a knowledge of, and consideration
for, the deflections of the various members. The forward and rear pairs
are assumed to act independently.

The aircraft deck restraint on each rear corner is:

Horizontally,

FH = Wg:
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FIGURE 28

N
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FORCE DIAGRAM FOR VERTICAL
ACCELERATION WHEN CONTAINERS
ARE STACKED TWO HIGH
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FIGURE 29 FORCE DIAGRAM FOR FORWARD
ACCELERATION FOR TWO-CONTAINER
CONFIGURATICON
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Diagonal tension,

F
F :—-—-l—-—-al-!-g...
2 cosp 4 cosd

The two central diagonals give rise to forces F3 as shown in Figure 30 in
the plane of the rear diagonals as a compressive force in the uprights.

Compression in centra! rear uprights

F_ =

3 Wg tang

|

|

Wg

~ler

Consequently, the tensile load in the rear diagonals

i
D
-

i
!?5—17"4c0e,9-4

On the forward face of the containers we have the forces Wg/4 shown in Fig-
ure 30.

Therefore, the uprights and horizontals are loaded in bending with a distri-
but ~d load Wg/4 and supported by end reactions Wg/8.

There is an additional force, F¢, due to the diagonal tension, F,, acting in
compression on the uprights.
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FIGURE 30 FORCES IN REAR STRUCTURAL MEMBERS
AND FORWARD FACE LOADING RESULTING
FROM FORWARD ACCELZRATION
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Hence. buckling of these uprights must be investigated.

Double Layer

Considrr a two-high stack of containers as shown in Figures 31 and 32.
Again assume the forward and rear pairs to be independent.

The aircraftr deck restraint at each rear corner with the same assumption
as before,

Fy

2 Wg

&

Fi

2 Wg.

Each diagonal is loaded, iritially due to the reaction against Wg within the
individual containers

g 2%1"3_

2 cosg ’

but the lower left diagonal (as viewed in Figure 31) must also sustain the
additional tension due to the container above

- Wg Sl Wg 1 Wg
F3 = Diagonal component of 3 -f-Fz--4 cos¢+2cos¢'

The upper four containers are loaded as in the previous analysis.

Of interest now is how these upper four containers further load the uprights
and diagonals of the members of the lower four containers.

The rear vertical plane of members is an indeterminant structure with re-
dundant members. The bar forces cannot be determined, but a conservative
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CONTAINERS ARE STACKED TWO HIGH
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FIGURE 32 FORCES RESULTING FROM FORWARD
ACCELERATION IN AN EIGHT-CONTAINER
CONFIGURATION
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approach to an approximate solution can be made. Ttis approach assumes
that the forces in the two central, upper, rear diagonals transfer their
entire load (respective of component) to the lower uprights and diagonals
immediately below. The consequence of this assumption is to calculate

a greater than true load on the lower members and eliminates any load in
the upper members.

Since a container design would be based upon this higher than true load,
the design would be adequate for any location of the container in the group
of 8.

Referring again to the inset of Figure 32,

F4=F3 sing
F5=F2 sing
=%Wg%.

Now the tension in the diagonals

F. +F
e .. 4 5 3 Wgh
6 gin@ 4 gin8 ¢

The horizonta. component is the loading on the attachment

F7 = F6 cosb

i
> W
£l
A
el

]
|
=
[+ -]
'adk ]
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Referring to Figure 32, the forward upright is in compression from three
individual sonrces of load:

First, due to the component of F2

1 h
a. F8=F28m¢=IWgz

Second, due to the dead weight of the container above
b. W

Third, due to the reaction of the upper container (or the vertical component
of the dlagonal force F, in the upper container)

c. F_ =

8 Wg

S
&~

Therefore, the total load in the forward bottom upright is the sum

P wg%+w=w(gﬂ+1).

y
9 2 20

Since this upright supports a distributed load of 1,/4 Wg, buckling will be the
most serious consideration here.

Lateral Acceleration

This direction of loading, even with the intercharging of dimensions w and 4,
will produce lower bar forces due to the lower g levels.

From the standpoint of cost it is assumed, naturally, that all diagonals will be

made of the same cross section of material and all other members will be identical
to accommodsate any container orientation within the aircraft.
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VIBRATION, SHOCK, AND STATIC LOADING CRITERIA

VIBRATION

The combined vibration spectra, taken from TB55-i00, has been replotted in
Figure 32 for highway, rail, and air transportation. Marine transportation has
been excluded from this study. In order to arrive at a realistic criteria for
vibration, other references have been consulted. Ir particular, the Shock and
Vibration Handbook, edited by Harris and Crede!, extracts test data from num-
erous Government publications. This data also has been plotted in Figure 33
for comparison. The specific page references are given on the curves.

The disagreement between the two sources of data cannot be resolved readily but
it is suggested that a sinusoidal vibration test of 5 g's in three directions from 1
to 1000 cps at a 1-octave/minute sweep rate be the criteria. No provision should
be made for dwelling at any natura! frequency.

As to the Ime of test, the longest duration of 150 hours is obtained from highway
operation of 5000 miles at an average speed of about 35 mph. Since fatigue life
is the important factcr in this kind of vibration test, no reduction of testing time
should be allowed.

Because a fully lcaded container tested at 5 g's requires the use of a large and
expensive vibration table, it is more likely that only those critical parts (clips,
volts, attachments, etc.) of the containers loaded in a suitable jig will be tested
in vibration.

SHOCK

The shock spectra of TBS5-100 is summarized in Figure 34 and, with the excep-
tion of curves A and B for rail, seems to be in good agreement with various other
published data. It is suggested, then, that a 12-g shock of duration 0.080 to 0.100
second should be the design criteria.

Although shock and high g loadings (and vibration in some cases) can be deter-
mined analytically, many problems exist in transforming analytical results to real
environmenis. Therefore, proof tests are the final confirmation of the design.
Such proof tests are usua'‘ly the drop tests.

1 Shock and Vibration Handbook, C .M. Harris and C .E. Crede, Volume 3,
McGraw -Hill Book Company, Inc.. 1961.
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With particular reference to MIL-STD-810, Table 515-1. drop heights of 24
inches should lead to an acceleration loading of about 100 g (this is determined
from Figure 4!-1 of Harris and Crede). These drop tests are believed to be
applicable only to an investigation of the integrity of the shock protected equip-
ment when accidertally dropped, bu: not to the specific design requirements for
a shipping container when loaded aboard aircraft. As such, an analysis of the
container for cargo aircraft use might represent a minimum structural design
while the drop test will confirm the gross survivability of the container alone.
Ror this aircraft acceleration loading, MIL-S7TD-810, Method 513, Table 513-1,
should be used.



CONTAIXER DESIGN

In the foregoing sections of this report the design requirements for the air trans-

rortable contatner have been developed. For converience, six basic requirements
are restated here.

1. Outside dimensions = 44" x 54" x 70" high (approximatily)
2 Allowable weight = 195 pounds

3. Juatifiable cost = $58.00

4. Protect carge equivalent to level A p~cking

S. Two containers suitably joined together should fit the 4631 aircraft
rail system. 108" or 88" wiie

6. Withstand shock and vibration resulting from handling and transportaticn

It has been shown that approximately 63% of the justifiable cost results from
elimination of the master platform and attendant handling savings by the Air Force.
Including this saving, the purchase price of the container must be approximately

$ .30 per pound. If the requirement for fitting the 463L aircraft rail system were
not included, the justifiable cost would be $24.00, making the price about $.12

per pound. On the other hard, elimination of the master platforr: and restraining
net means that all vibration and shock forces must be absorbed by the container
itself, and this increases the forces that the container must withstand. In this
analysis, only the major design considerations have beea given detailed study.

CONTROLLING DESIGN STRENGTH ¢ACTORS

Various design criteria are applicable to this container . The purpose of the {ol-
iowing investigation is to determine the worst or prevailing criteria on which to
base the size of container components.

Vibration

It 18 disiicult to determine how to apply a vibration environment to this container
design in an explicit manner. The usual application of such environmeut involves

91



investigation of natural {requencies of components, insuring that these frequencies
are not within certain critical excitation bands. and providing suitable damping
where necessary to reduce peak deflections and stresses. At worst, if stresses
are kigh, designing for a suitable fatigue life becomes important. A container,
however, exhibits little fle..bility and is a massive structure when loaded. Hence,
the usual application of vibration criteria is not important. Some attention must
be given to this environment, but 1t is more for the purpose of avoiding stress
concentrations of welded joints, threaded connections subiect to loosening, and
other finer detaiis which are properly the subject of a final rather than s concep-
tual design.

Shock

The shiock criteria presented in TB-55-100 and MIL-STD-810A (USAF) are useful
guides for designing equipnient that must be protected against such shock inputs.
Application of this criteria in the conceptual design stage is not weil defined.
TB-55-100 specifies the maximum allowable stresses for a shock load and time
pulse "in the restraining system”. However, this requiresment is not presented
under continuous load and with the load factor conventionally used in aircraft de-
sign. For the present purpose of analysis, the requirements under the following
section, Structural, are assumed to be controlling. However, upon construction
of a prototype comainer, a review of the 1B-85-100 and MIL-STD-810A {USAF)
(drop test) requirements should be made as proof of operational capabilities.

Structural

The applicable structural loading reguirements for the container design have been
based on cargo aircraft loadings. These are listed in MIL-STD-810A. Table
S13-1, "Structural Test”, as well as in military specifications for aircraft
strength such as MIL-A-8865 (ASG) and Civil Air Manual, Section 4. Under the
above specification, the 9.0 g forward structural loading is most frequently re-
ferenced and is found to be the most severe design criterion which becomes the
design basis for the container components .

However, this load factor originated with emergency or crash landing conditions,
as clearly stated in MIL-A-8865, and in this case is referenced as an ultimate
load factor of 8 g. In the Civil Air Manual, an ultimate load factor of 9 g is re-
ferenced with the comment "...... it is expected that parts of the airplane may
be damaged.” It is the intent of these specifications to avoid a structure which
would permit serious injury to occupants, and particularly to the crew of cargo
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aircraft. In view of this interpretation, the ultimate stress of the material is used
in the design which, therefore, would permit yielding and possible permanent
damage. However, the design would not result in rupture und:r these loading con-
ditions to allow the container contents to endanger the aircraft occupants. This
interpretation is at variance with TB-55-100, hut it is also based upon a load for

a greater time duration. This interpretation is considered consistent with the air -
craft design and necessary to meet the restraints of this study with a successful
container .

FORCES ON CONTAINER RESULTING FROM 9 ¢ LOAD FACTOR

Containers can be combined in two different ways to fit the 108" and 88" aircraft
rail systems. The two arrangements are shown in Figure 35. The values of 4 and
w as related to the force diagrams in Figures 29 and 30 are shown.

The values for the forces developed in the various structurai members of two ioined

containers for a 9 g load are shown in Table 18. The formulas for these forces
were developed in the force analysis section.

TABLE 18

PORCES IN STRUCTURAL MEMBERS OF TWO
JOINED CONTAINERS FOR 9 g LOADING

Force Formula 88" Rail Spacing 108" Rail Spacing
(ibs) (1bs)
Fv Wg h/24 11,030 13, 500
F2 Wg/4 cos g 7,120 8, 120
F3 Vg h/4L 5, 500 6, 750
F4 Wg h/41 sin@ 6, 600 8,700
Fg Wg w/4l 3,660 5,520
R Wg h/44 5,500 6,750
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{ = 54"
FIGURE 35 ARRANGEMENT OF CONTAINER PAIRS IN AIRCRAFT

WITH 88" AND 108" RAIL SPACING
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The developed forces ace higher for the 108" rail spacing, and should be used in
the design calculations. These forces are graphically shown in Figure 36. The
vertical corner members are loaded in compression and diagonals are in tension.
Fg is the tensile force tending to separate the containers at the rear top edge. F,
is the downward load applied to the rear of the container lip by the restraining air -
craft rail.

DESIGN OF BASE

Genera! requirements for the container base are as follows:

1. Outside dimensions to be 44" x 54"

Capable of heing rolled on skate wheel and roller conveyors
Capable of being forklifted

Capable of being locked in 463L aircraft rail system
Capable of withstanding required g loadings

AR N e W N

Minimum cost and weight consistent with the above requirements

Three designs have been considered. They are similar in that they employ plywood
for top and bottom decks. The designs are different in the use of metal around the
periphery of the base, and in the use of wooden spacers. The general concept for
the container hase designed with wooden spacer blocks is shown in Figure 37.

Aluminum Extrusion Around Bottom Deck

The aluminum frame member would be extruded to the shape as shown in Figure
38, Section A-A. After cutting and notching, they would be welded into a rectangu-
lar frame. Figure 38 shows the sizes and location of the wooden spacer blocks,
and tt e location of the rivets necessary to assemble the base section. Fifty-four
rivets, 3/8" diameter, are required due to the low allowable loading (325 psi per -
pendicular to the grain) of the wooden spacer blocks.

A sectional view of the base design is shown in Figure 39. After making the as-
sembly, the 1/2" plywood bottom deck would be fastened to the aluminum extrusion
by means of self-tapping flathead screws or other suitable means.
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FIGURE 36 FORCES IN CONTAINER FRAME FOR 9G
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FIGURE 39 SECTIONAL VIEW OF BASE DESIGN WITH
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Estimated weigh for this base design is 107.5 pounds . Estimated manufacturing
cost is shown in Table 19. Detalled estimates are made in Appendix VI.
TABLE 19

ESTIMATED MANUFACTURING COST FOR
EXTRUDED ALUMINUM BASE DESIGN

Cost of Material $30.55
Labor Cost (85 min @ $3.00/hr) 4.30
Overheat @ 150% 6.45

Manufacturing Cost $41.30

Steel Reinforced Base Design

This design concept incorporates a fabricated steel frame around the outer edge
of the bottom deck with steel rivets for making the assembly. Other features
would be essentially the same as the base construction employing the aluminum
extrusion. Figures 40 and 41 illustrate details of this design. The cutout section
for engaging the restraining bolt in the 463L rail system must withstand an 18, 000-
pound load. The required strength is obtained by bending and welding tabs, as
shown in Figure 41.

Estimated weight for the steel reinforced base is 168 pounds and estimated manu-
facturing cost is shown in Table 20. Detailed estimates also will be found in Ap-
pendix VI.

TABLE 20

ESTIMATED MANUFACTURING COST FOR
____FABRICATED STEEL BASE NESIGN

Cost of Material $28.47
Labor Cost (96 min @ $3.00/hr) 5.50
Overhead @ 150% 8.25

Manufacturing Cost $42.22

100



k—_.—.—.———.————.—- S ————

Steel Block 3/4" Thick,
________ Welded in Each Correr

LY 3/8" Plywood
, L [— 1/2" Plywood

rd

Section A-A

FIGURE 49 CORNER CONSTRUCTION AND SECTIONAL VIEW
OF STEEL FRAME AROUND THE BOTTOM DECK

101



Dotted Lines Indicate P—
90° Bends

==t = ow == bors  omnw @S e

Lance Lance

FIGURE 41 CONCEPT FOR FABRICATED STEEL
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Aluminum Exti-usion "Channel” Design

A beue as shown in Figure 42 can be designed by employing a "channel” shaped
aluminum extrusion. This member would replace all of the wooden spacer blocks
around the outside =dge of the base. The web would be pierced for forklift
entries, and the lip would be notched to accommodate the 463L restraining bolts.
The aluminum section would be mitred and welded to form a complete frame.

Top and bottom decks could be plywood fastened to the extrusion with screws or
acdhesive. A wooden spacer at the center of the deck (as shown in Figure 38)
would be required to sustain loadings on the container flcor This spacer also
could be fastened in place with an adhesive. The outside spacer blocks, rivets,
and considerable labor cost is saved by this design. Estimated weight is 77 pounds
and estimated manufacturing cost {s shown in Table 21.

TABLE 21

ESTIMATED MANUFACTURING COST FOR
ALUMINUM EXTRUSION "CHANNEL" DESIGN

Cost of Material $18 .95
Labor Cos? (33 min @ $3.00,/hr) 1.65
Overhead @ 1509, _2.50

Manufacturing Cost $23.10

E = T

Ranking of Base Designs

All three base designs will meet the operational requirements. On the basis of
weight and cost, the preferred base is the aluminum extrusion "channel” design.
Weight and cost for the three designs are summarized in Table 22.
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FIGURE 42 SECTIONAL VIEW OF ALUMI.UM EXTRUSION
"CHANNEL" BASE DESIGN
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TABLE 22

SUMMARY OF BASE DESIGNS

Manufacturing
Weight Cost
Aluminum Extrusion "Channel” Design 77.0 $23.10
Aluminum Extrusion Around Bottom Base 107.5 41.30
Steel Reinforced Base Design 168.0 42 .22

DESIGN OF CONTAINER TOP SECTION

A container must protect the cargo it carries in two ways. It must provide ade-
quate protection against such environmental conditions as precipitation, humidity,
dust, and to a certain extent, heat and cold. Also, it must restrain the contents
against forces encountered in handling and transportation. Two types of container
construction have been investigated: one in which the panel supplies both environ-
mental protection and structural strength, and the other where the strength is
supplied by a separate framework and the protection is provided by the panel mate-
rial.

Panel Materiais Used Alone

Container panels of solid, laminated, and honeycomb construction have been con-
sidered. A pendix IV includes the st-uctural analysis for several representative
materials.

In the solid material category, Masonite tempered duciox was investigated. For
a required thickness of 1/2 inch, the weight wouid be 350 pounds, and it would
cost $33.50. Plywood is representative of commorly used laminated materials.
A 1/2-inch-thick plywood container top section would weigh 160 pounds and the
material would cost $17.50.

Sandwich materials are excellent for applications where the strength to weight
ratio must be high, as in this container design. However, a construction which
would meet the strength and weight requirements would be too high in cost. Paper
honeycomb is the lowest cost core material of this type. As shown in Appendix IV,
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this material would not be satisfactory, due to excessive shear stress. Balsa
wood or aluminum honeycomb are acceptable for strength but would cost too
much. This type of sandwich core construction will range upward in cost from
approximately $.50 per square foot. At $.50 per square foot, the material cost
for side panels would be $53.00.

Combination Frame and Panel Construction

The form of construction employing a metal truss-like frame with panels inside
the metal structure can be designed to fulfill the requirements. Although it is
obvious that developed loads would be shared by t'ie framework and panels, it is
convenient to consider the lcads as being carried by the frame and the environ-
mental protection being supplied by the panels.

The frame would have to withstand forces, as shown in Figure 36. A frame con-
struction as shown in Figure 43 could be fabricated to attach directly to the channel
extrusion or backup plate on the container base. If the material were 6062-T6
aluminum, the angle sections would be 3/16" x 1" x 1", the diagonal straps would
be 3/16" x 1", and the two front vertical members would be as shown in the sec-
ticnal view. The entire framework would be welded. The sliding door, Figure

44, would be fabricated from flat and extruded aluminum sections and would be
bonded to the door material by a suitable adhesive. The estimated weight of
aluminum in the framework and door is 37 pounds. Table 23 shows the estimated
manufacturing cost. Detailed estimates are in Appendix VII.

TABLE 23

ESTIMATED MANUFACTURING COST FOR
ALUMINUM CONTAINER FRAMEWORK AND DCOR

Material cost, frame $13.55
Material cost, door 4.30
Direct labor, frame 2.00
Direct labor, door .50
Overhead @ 150% _3.75

Manufacturing Cost $24.10
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FIGURE 43 WELDED ALUMINUM CONTAINER FRAME SHOWING
SECTIONAL VIEW OF EXTRUSION FOR SLIDING
DOOR
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The panel materia! used for environmental protection can e much thinner than
if it were required to carry all the loads. Four possible muterials are listed in
Table 24.

TABLE 24

REQUIREMENTS FOR SIDE PANEL MATERIALS
WHEN USED IN CONJUNCTION WITH ALUMINUM FRAME

Thickness Weight Cost
Material Required Unit Total Unit Total
(inches)  (lbs/ft2) (ibs)  ($/ft?)
v2s 3/32 .44 47 .046 $ 4.90
Tri-Wall Corrugated 1/2 .25 27 .055 S.85
Masonite Tempered 1/8 .83 88 .079 8.40
Duolox
Aluminum Sheet 1/32 .43 46 .215 22.90

In addition to the materials listed in Table 24, sandwich constru ‘tion couid be used
in conjunction with the metal framework. A discussion of these materials will be
found in Appendix V. While it would be possible to employ several such materials
for this application, there appears to be no distinct advantage of sandwich mate-
rials over the V2S laminated paper board or triple corrugated board. Both of these
materials are approved level A packing materials and are used extensively for this

purpose.

The panel material would be cut to size and bonded to the inside of the aluminum
frame with a suitable adhesive. Three sides, the top, and the door panel would be
attached in this manner. The estimated cost for this operation is $.01S for bond-
ing material and $.060 for labor. At 150% overhead rate, the total manufacturing
cost for this operation would be $1.65.

* .. THODS OF CONNECTINSG TWO CONTAINERS

The tensile force in the top connecting member is 5520 pounds under the irfluence
of 9 g loading. This load is transferred into the aluminum framnework. A top
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connecting link could be made as shown in Figure 45. The link wouid be designed
with one end fixed. The other end would fit over a mating pin on the second con-
tainer . The link would be spring loaded to hold it in place. Figure 46 shows the
arrangement of the connecting links for the 44" x 108" and 54" x 88" configura-
tions. Two such links and pins would be required per container. This method of
connection would add approximately | inch to the cor ainer height. Hence, the
usable volume will be reduced if the 70" height is maintained.

The bottom connection has less load to carry, but must provide for accurate align-
ment of the two container bases. Since the base serves as the forklift entry and
the locking means in the 463L equipped aircraft, a simple locking arrangement
that i{s not a separate attachment would be very difficult tc achieve. The proposed
attachment shown in Figure 47 {8 a separate device that cculd be stowed between
the top and bottom decks when not needed. One locking device per container would
be necessary.

The bottom lock would consist of an aluminum casting with overall dimensions ap
proximately as shown in Figure 47. A groove at one end would carry a spring-
loaded double bolt. The block would fit between containers as shown in Figure 48,
and the bolts would engage mating holes near the corners of the aluminum extru-
sions.

The estimated manufacturing cost for the required top and bottom connections are
shown in Table 25 and tooling is estimated at $500.
TABLE 25

ESTIMATED MANUFACTURING COST OF CONTAINER CONNECTORS

Top Connectcr (2 links and 4 posts required
per container)

Material $ .35
Labor .50
Overhead .75

Bottom Connector (1 required per couiziner)

Material .50

Labor .30

Overhead 75
Total Manufacturing Cost $3.35
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FIGURE 46 DIAGRAM ILLUSTRATING ARRANGEMENT
OF TOP CONTAINER ATTACHMENTS
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SUMMARY OF COSTS AND ESTIMATE OF CONTAINER PURCHASE PRICE

The cost analysis for an acceptable container is tabulated below. This cost is
based on materials and manufacturing methods considered to be the lowest for
the operating requirements of the container. The estimates have been based on
quantities of 5000. This does not permit a high degree of tuoling for automatic
production methods. However, this quantity seems to be realistic in view of
the intended use.

TABLE 26
COST ANALYSIS FOR AIR TRANSPORTABLE COMTAINER WITH ALUMINUM

"CHANNEL" - PLYWOOD BASE, ‘LUMINUM CONTAINER FRAMEWORK, AND
V2S PANELS (ESTIMATED FOR QUANTITIES OF 5000}

Item Mater {al Labor Overhead Total
Base $18.95 $1.65 $2.50 $23.10
Framework 17 .85 2.50 3.75 24.10
Panels & Attaching 5.05 .60 .90 6.55
to Frame
Connectors .85 1.00 1.50 3.35
$42.70 $5.75 $8.65 $57.10
Manufacturing Cost $57.10
General and Administrative Expense Plus Profit
{10% of manufacturing Cost) 5.70
Total Estimated Purchase Price $62.80

Estimated Tooling Cost

Base $3, 200
Frame and Door 1, 150
Connectors 500

Total $4, 850
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The e<timated purchase price exceeds the justifiable cost developed earlier in
tius report by $4.90. It should be pointed out that the $58.00 justifiable cost is
the amount saved when the container is transported over a relatively short ALOC.
A leng ALOC would produce savings up to an estimated $$1.00. All other criteria
are satisfied by the design.

It is recommended that sample containers of the preferred design be ccnstructed

and tested for compliance with the requirements. Ideas for improving the per-
formance and reducing the cost undoubtedly wculd evolve.

OTHER CONCEPTS

During the course of this study, several container concepts, ir addition te those
presented, have been set forth and discussed. They have not received detailed
attention for reasons such as: (1) the criteria obviously were not met or (2) con-
struction and techniques involved were not well enough known to estimate cost or
performance accurately.

One such concept that fails in this categery would employ two sleeve sections
stacked vertically. The concept is illustrated by Figure 49. The base could be
any construction described earlier in this report. The container would consist
of two identical sleeves constructed of ary appropriate material such as metal or
laminated paper. Each sleeve would be approximately 35 inches high. The pro-
cedure for filling the container would be to fill the bottom sleeve, then attach the
upper section and proceed to fill to the top. The top of the container would then
be put in place and secured. Unloading would fcllow the reverse procedure.

This design has the advantage of having uniform strength characteristics in all
directions because it does not have a side door opening. It could be made varia -

ble in volume if more than one length sleeve were used. In addition, it might be
made nestable for empty shipment. It would be somewhat difficult to load and un-
load. Also, the problems of fastening sections together and fastening containers
together would be more difficult than with the selected concept. However, this
concept is worthy of more careful study as the Army container program progresses.

POSSIBLE FIELD USES

After being used for delivering supplies to the forward area, the empty containers
could serve several useful purposes. Door panels ur bases without the container

116



w
.

P

Top

Sleeve
Sleeve
LT P
Base
FIGURE 49 EXPLODED VIEW OF TWO-SLEEVE

CONTAINER CONCEPT
117




framework would make good tent flooring. The complete container, either erect
or on {ts side would provid- shelter against the elements. It would be large
enough for a man to sleep in with some degree of comfort. Containers could be
filled with dirt or other material and used for protection against enemy fire.
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APPENDIX !
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APPENDIX 11

METHOD FOR CALCULATING CONTAINER EVALUATION FACTORS

STEP- FUNCT.N LOSS

Step-function loss occurs as a result of imperfect matching of total container load
with vehicle weight capacity. It is calculated for a container having an internal
volume, CIV ft3 and outside dimensions CH, CW, and CL ft, with relation to a
vehicle having cargo space dimenstons VH, VW, and VL ft, and carrying capacity
CAP, 1bs.

The density and probability of cubeout (DC and PC) are determined as iilustrated
in Figure 9 of the report. Since step-function loss occurs only when the vehicle
capacity may be exceeded, it may occur only 1.0 - PC percent of the time. If

MN is the maximum number of the container of interest that can be loaded into the
vehicle considered because of the fit of that particular container, and if the con-
tainer tare or empty weight is CT, it is apparent that with cargo of density equal
to DC, the full weight of the MN containers emmals CAP, or

(MN) (CIV - DC) + CT = CAP

and the step-function loss is zero. As the cargo density increases from DC, MN
containers may no longer be carried, since they would exceed CAP. In fact, at
density values between DC and DyqN-1. a decreasing step-function loss occurs.
DMN-1 is the cargo denmsity at which MN-1 containers equal the capacity, or

(MN-1) (CIV- Do 1) + CT  =CAP.

In like manner, as the cargo density increases from DyN-j to Dygn-9. a step-
function loss is encountered.

If one takes as an example a DC, of 14.0 lbs/ft3 calculated in the manner shown

in Figure 9, and superimposes a vertical line at that density on Figure 10, it can

be seen that, as density varies between 14 and 40 Ibs/ft3, step-function loss occurs.
This loss will be the maximum just past DC and decrease until just before Dygy. 1.

at which time it is again zero, since MN-1 containers are all that could be loaded.
The loss between any two "exact fits” such as DC and Dyq\ . is the integral average
of the product of the vertical distance of the corresponding shaded step in Figure 10
and the correspondivg density. In order to approximate this integral for computation,
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a straightline segment was taken between the exact fit poinis instead of the curve

in Figure 10. With this simplification, the expected step-function loss between
DC and Dygy-1. for example, is

' DC + 2D
sm.lacw( - MN")-

In like manner, bef{wveen DMN-I and DMN-Z the loss is

( Ovn-1 ¥ 2Dyw-2 ) ,

SFL, = CIV 3

2

The total expected step-function loss is the weighted sum of the expected loss be-
tween the points at which exact fit occurs. An adjusted term is added to take
care of the step-function loss between MN containers and the fractional number
of containers desired at the maximum cargo density, which is not a Censity of
exact fit as are Dygy.) and Dygy_4 above. Likewise, when the container is of
such size that it may weigh 2000 ."s with cargo less than the maximum density,

a further adjustment is made to include the step-function loss resulting from a
2000-1b container.

INTERNAL STOWAGE UTILIZATION FACTOR

Internal Stowage Utilization Factor, ISF, as defined in the text, is calculated for
evaluation purposes by assuming a linear relationship between ISF and internal
volume over the range of capacities of interest. Consequently, ISF is expressed

by: .

ISF=0.9 - (100 - CIV) (.002).

This equation closely approximates the predicted ISF curve of Figure 8 from CIV
of 40 to 120 cu ft, the range of containers considered herein.

VOLUMETRIC EFFICIENCY

Volumetric efficiency is the ratio of internal container cube capacity and external
cubic dimensions. If, for a particular container, h, 1, and w are internal dimen-
sions and CH, CL, and CW are the overall exterior dimensions, volumetric ef-
ficiency is simply
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VE =TCH) (CL) (W) -

For the evaluation calculations, the overall dimensions were derived by using
the internal dimensions plus two effective thicknesses plus, in the case of height,
the base height.

WEIGH' EFFICIENCY

Weight efficiency of a particular container, WE, is the expected weight of the
cargo contained, WCAR, divided by WCAR plus the weight of the container, CT,
or:

WCAR
WE = WCAR+CT
The expected cargo weight is determined by considering that as cargo density
increases, a density is reached above which a particular container will weigh
the 2000-1b specified maximum weight. This density, DSMW, is calculated as
follows:

_ 2000 - CT . ISF is the internal stowage
SR CIV : ISF i factor for that container

and the probability, or expected frequency of its occurrence, PSMW, is:

40 - DSMwW
PSMW = 20-5 -

So PSMW percent of the time the container plus contents will weigh 2000 Ibs.
Wher the density is between 5 lbs per cu ft and DSMW the container weight varies
with density. The average weight of the goods contained divided by the expected
total weight, or the weight efficiency, can be expressed as:

000 - 1
WE = PSMW (2 CT + (1.0 - PSMW)
2000 l+C’I' - 2

CIV (ISF) (5.0 + DSMN)
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CUBE-OUT DENSITY ANO PROBABILITY

Cube-out density and probability are calculated as indicated on Figure 9. In
general terms, using the variables described above, cube-out density for a
particular container and vehicle is defined by:

- [ ver] (o)

and the probability, or expected frequency of its occurrence is:

DC -5
40 -5 °

PC =

For both expressions, of course, DC must be between S and 40 lbs per cu ft.

ALLOWABLE CONTAINER WEIGHT

A container that provides level A protection replaces much of the packing and
unitizing material in a comparable pallet load. These materials, include some
of the wooden crating, high-grade fiberboard, and the wooden pallet.

The total weight of raterials replaced by a container is a function of the size
of the container, the proportion of wooden crating replaced, and the type and
proportion of heavy fiberboard replaced.

The total weight of replaced material was calculated using the expression below,
where

ACW = allowable container weight, or total material replaced, lbs
CIV = container internal volume, ft3
ISF = {nternal stowage factor

D = dimension of the average cubic carton

P = fraction of cargo packed in wooden cartons

SMw

the specified maximum weight of the container plus cargo
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PSMW = percentage cf the time the container weighs the specified maximum
weight

CT = container tare weight, lbe

DG = maximum density of the cargo to be carried

Numerical values 1.6, .15, and .44 are weights of materials from Table 6.

ACW = % (1-PSMW) (CIV) (ISF)+PS;‘W [ (cn")(lsp)+§M_W§.(';ﬂ]‘
75, 6D% P 8D2
2+ 2 [1.6- 15(6)}»;-- (1-P)(.44 - . 15)%.

The first group of terms in the first parentheses expresses the fact that 1 - PSMW
percent of the time ::2 container may be filled, and the volume of items contained
will be the container volume reduced by the stowage factor. The second group of
terms co. ers the PSMW percent of the time the container reaches maximuimn weight
before being filled. The average voiume of items contained when the container is
not full is the average between the full container cargo volume and the volume when
the container is loaded with cargo of the maximum density.

The 75/60 term in the second parentheges is the weight of pallet replaced per -ubic
foot of material contained; 75 lbs {divided by the 60 cu ft of cargo on the average
40" x 48" pallet. The second group of terms relates to the replacement of wooden
cartons with commercial fiberboard; the 6/D term is the sq ft of wood replaced
per cu ft of carton of dimension D. The 0.15 Ib per ft2 figure is increased by a
factor of 8/% to reflect the fact that a six-sided wooden carton is replaced by a
fiberboard carton with eight effective sides, including flaps. The third group of
terms deals with the remaining non-wood crated cartons with 8/D sq ft of material
replaced per cu ft of carton. The above expression relates to replacing solid V2§
fiberboard, and produces the upper line in Figure 13. The lower line. hased on
replacing V3C corrugated level A fiberboard, results from an identical equation,
except that the 0.44 term 1in the last group of terms is replaced by the weight per
8q ft of V3C, 0.29 lbs per sq ft.
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APPENDIX I

DETAILED COST FACTORS FOR. TRANSPORTATION, LABOR, & HANDLING

UNTCIZED LOAD ON 49" x 48" PALLET

Pallet Buildup

Buildup 1530 1bs/2000 x $3.00 $2.30
Strapping (33 1t x $.009) + ($3.00/12) .55 $2.85

Handling & Surtace Transportation in CONUS

Load on truck or railroad by forklift

.1hr @ $4.00 .40
Surface transportation to Air Force pickup

peint 100 mi @ $.02/ton mi 1.60
Offload and channel at Air Force terminal

.1 hr @ $4.00 .40
Palletize on Air Force master platforms

.05 hr @ $4.00 .15
Net platform 2 men .3 hr/4 = .15 man-hour

@ $3.00 .45
Load MATS aircraft (assume .1 hr per paliet

at FLT rate of $4.00/hr) .40 3.40

MATS Airlift

Calculated @ 18¢/ton mile for an estimated
1000 miles from pickup point to the East
Coast, then at 25¢/1b from the East Coast
to France

Weight = 1530 lbs, load + 75 lbs, pallet
+ 1/4 platform weight (300/4)
+ 1/4 MATS netting weight (60/4)
= 1605 + 75 + 15 = 1695 1bs
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1695/2000 x 1000 x $.18
+ 1695 x $.25

$152.50 + $423 $575.50

Transportation Cost

Overseas Handling & Transportation by Air Force

Offload at overseas APOD (assume .05 hr per

pallet load & FLT rate of $4.00/hr) .20
APOD terminal handling (assume .05 hr per
pallet load & FLT rate of $4.00/hr) .20
Load theater transport aircraft (assume .1
hr rer pallet load & FLT rate of $4.00/hr) .40
Theater airlift (assume 500 miles @ $.18/ton
mile) 1695/2000 x $.18 x 500 76.25 77.05

Overseas Handling & Transgportation by Army

Offload at Field Army rear area (.05 hr per

pallet load @ FLT rate of $4.00/hr) .20
Denet platform (2 men for .2 hr = .4 man-hour

x $3.00/4) .30
Field Army terminal handling (.1 hr per pallet

ioad @ FLT rate of $4.00/hr) .40
Load Army aircraft (.05 hr per pallet @ FLT

rate of $4.00/hr) .20

Tiedown in aircraft (assume 4 pallets per
aircraft, requiring 2 men for .3 hr to

tiedown) 2 x .3 x $3.00/4 : .45
Army air transport (50 mi @ 175 mph and $260/
hr operating cost) 50/175 x $260/4 18.60
Offload Army aircraft (.05 hr per pailet @ FLT
rate of $4.00/hr .20 20.35
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44" x 54" x 70" HIGH (84 tts)
CONTAINER MODULAR WITH 4631 SYSTEM

Container Loading

Erecting container .25 man-hour @ $3.00 $ .75
Filling container 1410 lbs/2000 x $3.00 2.10
Closing container .1 man-hour @ $3.00 .30

Handiing & Surface Transportation in CONUS

Load on truck or railroad .1 hr @ FLT rate

of $4.00/hr .40
Surface transportation to Air Force pickup

point (100 mi @ $.02/ton mile) 1.60
Offload and channel at Air Force terminal

(.10 hr @ $4.00/hr) .40
Assemble two containers in the 44" x 108"

configuration (.2 hr @ $3.00/hr) .60
Load MATS aircraft (.1 hr @ $4.00/2) .20

MATS Airlift

Calculated @ 18¢/ton mile fcr an estimated
1000 miles from pickup point to the East
Coast, then @ 25¢/1b from the East Coast
to France

Weight = 1605 lbs

Transportation Cost = 1605/2000 x 1000 x $.18
+ 1605 x $.25
= $144 .50 + $401.25

Overseas Handling & Transportation by Air Force

Offload at overseas APOD (.05 hr @ $4.00/2) .10
APOD terminal handling (.05 hr @ $4.00/2) .10
Load theater transport aircraft (.1 hr @

$4.00/2) .20
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Theater airlift (500 mi @ 18¢/ton mile)
Weight = 1605 lbs
Cost = 1605/2000 x $.18 x 500 $72.25

Overseas Handling & Transportation by Army

Offload at Field Army rear area

(.05 hr @ $4.00/2) .10
i’feld Army terminal handling (.1 hr @ $4.00) .40
Disconnect containers (.0S hr @ $4.00 + .1 hr

at $3.00) .50
Load Army aircraft (.05 hr @ $4.00) .20
Tiedown in Army aircraft .45
Army air transport (same) 18.60
Offload Army aircraft (.05 hr @ $4.00) .20

44" x 54" x 70" HIGH (84 fts) CONTAINER
NOT MODULAR WITH 463L SYSTEM

Container Loading

Erecting container .75
Filling container 2.10
Closing container .30

Handling & Surface Transportation in CONUS

Load on truck or railroad .40
Surface transportation 1.60
Offload and channel at MATS pickup point .40
Palletize on Air Force master platform .15
Net platform .45
Load MATS aircraft .40
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MATS Afrlift

Weight = 1605 lbs for container and contents
+ 1/4 master platform (300/4)
+ 1/4 MATS netting (60/4)
= 1605 + 75 + 15 = 1695 1bs

Trangportation Cost = 1695/2000 x 1000 x $.18
+ 1695 x $.25
= $152.50 + $423

Overseas Handling & Transportation by Air Force

Offload at overseas APOD

APOD termina’ handling

Load theater trangport aircraft

Theater airlift (S00 mi @ $.13/ton mile)
1695/2000 x $.18 x 500

Overseas Handling & Transportation by Army

Offload at Field Army rear area

Denetting platform (same as pallet)

Field Army terminal handling

Load Army aircraft

Tiedown i{n Army aircraft

Army air transport. Assume aircraft can
transport 4 pallets @ 1695 each
Cost = 50/175 x $260 x 1/4

Offload Army aircraft

44" x 54" x 60" HIGH (71 ft3) CONTAINER
MODULAR WITH 463L SYSTEM

Container Loading

Erecting container
Filling container (1285/2000 x $3 .00)
Closing container
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.20
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.75
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Handling & Surface Transportation in CONUS

Load on truck or railroad $ .40
Surface transportation to Air Force
pickup poin: 1.60
Offload and channel at terminal .40
Assemble two containers .60
Load MATS aircraft .20 $ 3.20
MATS Afrlift

Calculated on same basis as other loads

Weight = 1450 lbs

Transportation Cost 1450/2000 x 1000 x $ .18
+ 1450 x $.25

$130.50 + $362.50 493.00

Overseas Handling & Transportation by Air Force

Offload at overseas APDD .10
APOD terminal handiing 10
Load theater transport aircraft .20
Theater airlift, 1450 lbs for S00 miles 65.30 65.70

Overseas Handling & Transportation by Army

Offload at Field Army rea: area .10
Field Army terminal handling .40
Jlscomnect containcrs .50
Load Army aircraft .20
Tiedown in Army aircraft .45
Army air transport 18.60
Offload Army aircraft .20 20.45
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APPENDIX IV

STRESS ANALYSIS

ihe maximum weight of container and contents has been established at 2000
pounds. The allowable container weight is approximately 200 pounds, of which
over 50% will be concentrated in the base. Thus, the empty container will have
a low center of gravity. For the purpose of these calculations, it has been as-
sumed that the container is completely filled with cargo of uniform density and
that the 2000-pound force acts through a point at the center of gravity of the
carge. Hence, the calculations are conservative by an amount not exceeding

10%.

Since it was determined in 2 yreliminary investigation that the forward 9 g load-
ing is the most severe, all the structural requirements are based on a 2000
pound x 9 g = 18, 000 pound loading distributed over the forw~rd 1ace of the con-
tainer. The face that is forward (44 or 54 by 66) is that face that yields the
greater loading or the higher stress on the member in question. In the instance
of calculations using the force analysis in the report, dimensions w or 4 were
chosen so as to give the higher member force.

The following calculations are presented in example form, showing the governing

equations, the reference, if any, and a sample calculation. Where other mate-
rial selections are possible, only the final result is given.

NOMENCLATURE

In addition to the dimensional notati. 1 given in the force analysis in the repnrt,
other additional general notations are used as follows:

¢ = material stress pounds/sq in
E = onaterial Young's modulus pounds/sq in
p = distributed loading pounds/sq in
t = thickness inches
y = deflection inches
t = shear stress pounds/sq in
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Specific notations with respect to the particular references cited are defined as
they are presented.

FRCNT PANEL - SOLID

In designing large, thin plates, consideration must be given to the possible develop-
ment of membrane stresses in addition to the bending stresses. If the deflection

at the middie of a plate under a loadipg is greater than half of the plate thickness,
then membrane stresses are developed. If deflections are many times the plate
thickness, then the membrane stresses predominate, and the type of analysis used
to determine the stresses must be correspondingly appropriate for any case.

From Formulas for Stress and Stralnl. page 203, Case #36, for the deflection at
the center of a rectangular plate, assuming smail deflections

~~

0.144 p0)*
3 3
ET(1 +2.210)

Ymax -
In the above equation a = sides ratio, % .

In this case, for example, for Masonite

E = 1x 106 psi

t = 1/2 inch estimated
. A4

¢ 66
_ 18,000

P = T54)(66) -

The deflection is 21.8 inches. Clearly, thesc plate equations are not applicable
to this type of panel. Furthermore, the additional data from Formulas for Stress
and Strain are not extended far enough to include this size plate. Theory of Plates
and Shellsz. page 427, presents the curves describing the distribution of stresses
between the bending mode and the diaphragm mode. To be noted for comparison
is the curve for pure bending.

1 R.J. Roark, Formulas for Stress and Strain, 3rd edition, McGraw -Hill Book
Company, Inc.. New York, 1954.

2 S. Timoshenko and Winowsky-Krieger, Theory of Flates and Shells, McGraw-
Hill Book Company, Inc., New York, 1959.
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Again, assuming a 1/2-inch Masonite panel. and using the curves, hut extending
by extrapolation to a value of the parameter

PY_ - ¢gs,

4

Et

at the center of the panel

0 membrane 1800 psi

o bending

1245 psi
for a total stress of

OT = 3045.

This is to be compared to the ultimate str ength of Masonite (in 1/8-inch thickness)
of 6300 psi. The deflection for this case is determined from equation (252) of
Theory of Plates and Shells:

Et3 3Et
p =_L_— + -L———-—

0.73w4 0.51(’m4
or. y = 3.51 inches,

which is a recsonable center deflection. Also, from the same curves, the total
(membrane only) stress at the edge of the panel is 2000 psi. or a tensile load of
1000 pounds per running inch. This would dictate the design of the edge attachment.

Congider, now, the use of paper liners laminated to any required thickness. In
particular,a 60-pound liner has an average strength of 5480 psi (machine and cross -
machine direction) in a single sheet thickness of 0.017 inches, and

E = 0.3x 106 psi.
Evaluating the same parameter, for example, for t = 1/2 inch,

4
B¥_ - 9286,

Et4
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which is far beyond any reasonable extrapolation uf the curves. Therefore.
from Theoury of Plates and Shells. page 420, pure membrane stresses are given
by equation 25). and deflection by equation 250.

(It should be noted that in some cases vnly square plates are cunsidered. but
reasonable comparison to almast square rectangles can be 1iade using the charac-
teristic small dimension of the rectangle.)

3% g Wl
3 membrane = 0.396 P--':z——!—- and
1

3

= P¥
y = 0.802 w ET

Evaluatirg these for the paper gives

]

0 1755 psi

Y 5.29 inches.

which are very reasonable.

For v 2740, or one half yield. t = .26;

[
[

5480, t = 3/32.
For plywood, and taking into account the grain direction of the least available area,
0 (proportional limit) = 7000 psi. and t = 3/8 inch.

If only 3500 psi were allowad, t = 1 inch, approximately.

SIDE PA.IELS - SOLID

Although the front panel design appears to be most critical from strength con-
siderations, the side panels are more critical because of shear buckling.
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From Buckling Strength of Metal Structures. ! pages 393-395. the case of pure
shear of thin panels is presented. In the container. the luading dues not produce
pure shear. but the same resulting mode of failure. diagonal ripples. will appear.
On each side panel of a container. the shear lcad is 9000 pounds .

The critical shear stress at which the diagunal buckling will uccur is

2.2
o e R L
¢ 12(4 - v)w
where v = Poisson's ratio
o = length to width ratio > 1.0.

For Masonite, w =54. £=66. E=1x 10% v=0.3. t = 1/2. the developed shear
streys is 333 psi. and ‘. = 619 psi. Therefure. the panel will not buckle. For
paper. however. because of the lower E and assuming t = 1/4 inch, . = 47 psi.
The paper will buckle. Even if t were 1/2 inch, the lower E is controlling; ' =
186 psi and would still be less than the develuped stress. Clearly. external diag-
onal ribs would be required to prevent buckling.

FRONT PANELS - HONEYCOMB

Design Handbook? has developed all of the required equations for this type of con-

struction. The skin (or face) stresses are given by

2 1
g=Epw tt
cf
where tf = gkin thickness
T = core thickness. limited to 1 inch maximum

C

w
(]

dimensional parameter.

1 F. Bleich, Buckling Strength of Metal Structures, McGraw -Hill Book Company,
Inc.. New York, 1952.
2  Hexel Products. Inc., Design Handbook, Brochure E.
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Typicaily, if 0 = 30,000, t; = .0314. Since 0 is directly proportional to 1/t;,
other stresses and thicknesses can be found directly from this one example by
noting that

oftf = 94] = constant.

The core shear stress is given by

. =2XEW

core t+t
c

where t = t; + 2tf and y = .455. Since the core shear stress is not very sensitive
to changes in facing thickness. 'core Will remain essentially constant at about 120
psi. This exceeds, by about a factor of 3, the allowable shear stress of any paper
honeycomb core. Metal, or, say, balsa wood cores must be used.

BASE

Bottum Plate

The critical area of the base is the rearmost lip on the bottom section where Fy,
the vertical restraining force, equals 13, 500 pounds. Only the last section of lip
is conservatively assumed to carry the entire load. After a preliminary investiga-
tion of this particalar structure, the section shown was evolved. The lip is 6
inches long.

The bending moment in the lip at the location of the rivet. which is the worst
location, is

M = 13, 500 x 1.25 pound inches.
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1.0
Maximum
Allowable

v

l‘ -l

M—1-7/g =P

The moment of inertia of the section

b ©)(.75)°
12 1z

and the developed bending stress is

Cn

Mc _
B I where c = h/2

30, 000 psi.

An adequate material choice here is 6062-T5, with a yield of 40, 000 psi. It is not

d=sirable to design to a higher stress because of the stress concentration at the
rivets.

The rail piu applies an aft load of 18, 060C pounds at any one notch in the bottom
plate of the base. Conservatively. it is agssumed that because of positioning it is
pussible that only one rail pin engages a container. If the buttom plate is extruded
aluminum, the face of the notch presents more than 0.75 square inch contact area
to the pin. and .ne compressive stress is 40, 000 psi. or less.
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If the bottom plate is composed of plywood with a 1/8-inch-thick sheet steel
wrapped around it, the wood does not effectively carry any load and the steel area
is 7/16 square inch. The developed compressive stress is 18,000 = 7/16, or
41,200 psi. The shear stresses are nominal.

Spacers and Ri’ets

Assuming fir wood spacers, the entire forward load of 18, 000 pounds must be
taken in shear in the rivets (or bolts) and eventually in direct bearing stress on
the spacers, which have an allowable bearing stress of 325 psi. The spacers are
approximately 2- 3/4 inches high, giving a required contact area between rivet
shanks and wood of 20.2 square incihes. If 3/8-inch rivets are used, 54 rivets
are needed; if 1/2-inch, 41 are needed. Also, if oak is the spacer material with
a corresponding 500 psi allowable bearing stress, 35 or 27 rivets are corres-
pondingly required.

The placement of rivets is adjusted to provide a sufficient number in each corner
to withstand the Fv = 13,500 pounds . For example, assuming a working stress
of 15. 000 psi in direct tension, 0.90 square inch of rivet are required in each
corner; that is, five 1/2-inch or approximately eight 3/8-inch rivets.

Top Deck (Container Bottom)

With the required forklift spacing. the longest unsupported span in the 3/8-inch-
thick plywood container bottom is 14 inches. Assuming simple beam action (with
built-in ends) and orienting the plywcod face grain to span the 14 inches. the de-
veloped stress (s

LZ
J o= L—
12Z
where p = 11 psi distributed load at 13 g
{ = l4 inches
3 1
Z = .246 inch per 12-inch width

.0205 inch3 per inch of width

1  Fir Plywood Technical Data Handbook, Douglas Fir Plywood Association.
Tacoma, Washington. 1969. Revised, 1961.
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and o = 8750 psi.

The plywood strength is marginal in this case.
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APPENDIX V

SANDWICH MATERIALS SUITABLE FOR SIDE 'ANELS
INSIDE A SUPPORTING FRAMEWORK

Sendwich censtruction provides a means of achieving substantial rigidity in a panel
material. When the sandwich is subjected to load, the facing skins of the sandwich
bear the stresses. If the skins are close together, such as 1/8 inch, the skins are
highly stressed when the panel is loaded and the sandwich panel is bent and flexed
quite readily. As the distance between the facing skins is increased, however,

the stresses in the skins become lower for a given loading and the sandwich panel
is stiff ard rigid. The purpose of the foam or honeycomb cor= is really to hold
the skins apart. Sandwich constructions, therefore, provide panels of low weight
and high rigidity. Other properties of sandwich panels, such as puncture resist-
ance, depend in large part upon the qualities of the skin 'naterials used. For
example, Kraft paper skins would have poor puncture resistance, whereas more
expensive skins, such as aluminum sheet or glass/resin sheets, would have good
muncture resistance.

Sandwich panels can be discussed from the standpoint of the core material or the
skin material used in their construction.

WOOD CORES

The early sandwich materials consisted of wood veneers faced with heavy Kraft
paper. At one time U.S. Plywood made a sandwich panel material called Tekwood.
but this product has been discontinued. It consisted of wood veneer about 1/8 inch
thick, faced on both sides with heavy Kraft paper. The product had good rigidity
and was used in applications where inexpensive. expendable rigid panels were
needed.

Similar sandwich materials are made on the West Coast and are used in the con-
struction of produce boxes. The trend for this application is away from the use of
paper skins. These are being replaced with plastic sheets to make a sandwich
material that is less affected by water.

Plywood can be considered a sanuwich material. as it consists of a wood core faced

with wood veneer. The current cost of 1/4-inch shop-grade plywuod is $69/1000
square feet.
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FOAM CORES

Many foamed resins. 3uch as rigid polyurethanes and polystyrene. have beern
used to make lightweight sandwich materials. and they are manufactured in a
fairly broad range of panel thickness and density. One such construction consists
of a foamed resin core faced with Kraft paper. This panel is lightweight and
rigid. but it is not particularly puncure resistant. A typical construction is a
1/4-inch-thick sandwich panel which consists of a 4-pound-per -cubic -foot-density
foam core faced on hoth sides with 42-pound Kraft paper. The cost of this product
is 5.5 cents per square foot.

In a 2-pound-per-cubic-foot density. the material cost of rigid polyurethane foam
is approximately 8 cents per board foot.

HONEYCOMB CORES

Honeycomb can be manufactured from a variety of sheet materials. including
paper, thin aluminum, etc. Faper hcneycomb has been used extensiveiy to make
lightweight. inexpensive sandwich panels. Paper honeycomb faced with Kraft paper
produces a stiff, rigid panel which has good energy-absorbing properties. It has
been used frequently by the military as a c.shioning material to protect airdropped

cargo.

Paper honeycomb has been used in both the impregnated and unimpregnated condi-
tion., The honeycomb is frequently impregnated with pheuolic resin to improve its
strength. water resistance, etc. Typical costs of paper honey:omb are:

3/4" Cell Size

Phenolic resin, impregnated 1/2" thick = $.055/sq ft
1" thick = $.081/sq ft
1/2" thick = § .03/sq ft

1" thick = $.042/sq ft

P.. aolic resin, unimpregnated

SKIN MATERIALS

A wide variety of skin materials can be applied to the core materials discussed
above to produce special sariwich materials. These include paper, phenolic resin
imoregnated paper. phennlic resin impregnated cotton fabric, metal sheets, glass-
reinforced plastics, and even thin plywood.
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APPENDIX VI

DETAILE?D COST ESTIMATE FOR CONTAINER BASE

ALUMINUM EXTRUSION DESIGN - LOTS OF 5000

Extrusion - ALCOA Alloy #6062-T6

Weight = 2.285 lbs/ft
= 37.3 lbs/container
Cost = $.47/1b (30, 000-1b quantity)

$.47 x 37.3 = $17.50/container
Rivets - ALCOA Alloy #1100

3/8" x 4-1/2" 54 required

Unit Weight = .05 b

Weight = 54 x .05 = 2.7 lbs/container
2.7x $.82=$2.20

Cost

Wood Spacers - Douglas Fir

7.25 db ft required
Weight = 7.25/12 x 28 lbe/ft3 = 16.9 lbs/container
Cost = $.10x7.25 = $.72/container

Bottom Deck Board - 1/2" Plywood, Exterior Grade

Area = 13.6 ft2
Weight = 1.5 lbs/ft2 x 13.6 = 20.4 Ibs/container
Cost = $.165x 13.6 = $2.23
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Top Deck Board - 3/8" Plywood. Exterior Grade

Area = 16.5 ftz
Weight = 1.1 lba/ft2 x 16.5 = 18.2 lbs 'comtainer
Cost = $.13 x16.5 = $2.15/container

Backup Plate - Aluminum 1/8" x 5"

Weight = .625x 196 x .1 = 12.0 Ibs/container
Cost = 12.0x $.48=$5.75
Summary
Weight Cost
(1bs)

Extrusion 37.3 $17.50
Rivets 2.7 2.20
Spacers 16.9 .72
Bottom Deck Board 20.4 2.23
Top Deck Board 18.2 2.15
Backup Plate 12.0 5.7

107.5 $30.55

Estimated Cost of Manufacturing Operations
Time
(min)

Mitre and notch iour extrusions 10
Weld extrusion (4 corners, 6" long =
24" @ 2 in/min) 12
Drill and countersink 54 holes in extrusion 20
Form, notch, and drill backup plates 10
Assemble and head rivets 10
Drill plywood and spac.rs 20
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Assemble bottomn deck to extrusion 3

Total Direct Labor Time 85
Tota] Direct Labor Cost ($3.00/hr) $4.30

Tooling Required
Extrusion die $ 200
Notching 2,000
Dril! fixtures, clamps, etc. 1, 000
$3, 200

FABRICATED STEEL DESIGN - LOTS OF 5000

Steel Frame - 1/8" x 9" wide

Weight of purchased material = 57 lbs

Weight of steel removed from cutouts = 2.6 ibs
Actual weight of frame = 54.5 ibs/container
Cost @ $.15/1b = $8.55/container

Steel Corner Plates - 5-5/8" x 5-5/8" x 3/4"

4 required
Weight

Cost

26.5 Ibs/container
26.5x $.15 = $4.00/container

Rivets - 1/2" x 4-1/4"

—————————

40 required
40 x .25 = 10 Ibs/container
10x $.40 = $4.00

Weight

Cost
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Wooden Spacers - Dvuglas Fir

7.25 bd ft required
Weight 7.25/12 x 28 lhs;"ft3 = 16.9 lbs/container
Cost $.10 x 7.2% = $.72/contairer

Bottom Deck Board - 1/2" Plywood, Exterior Grade

20 ft2 required
Weight = 20x 1.5 lhs/'ft2 = 30 Ibs/contairer
Cost = 20x $.165 = $3.30/container

Top Deck Board - 3/8" Plywood, Exterior Grade

16.5 ft2 required

Weight 1.1 lbs/ft2 x 16.5 = 18.2 lbs/container
Cost 16.5x $.13 = $2.15/container

Backup Plate - Aluminum 1/8" x 5"

196" required
Weight = .625x 196 x .1 = 12.0 lbs/container
Cost = 12.0x$.48=9%5.75

Summary

Weight

(1bs)
Steel Frame 54.5
Steel Corner Plates 26.5
Steel Rivets 10.0
Woord~~ Spacers 16.9
Bottom Deck 30.0
Top Deck 18.2
Backup Plate _12.0

168.1
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$ 8.55
4.00
4.00

72
3.30
2.15
5.85

$28.47




Estimated Cost of Mamufacturing Operations

Time
(min)
Blank 4 steel edge strips 2
Form 4 steel edge strips 10
Weld 18 bolt indentations 24
Cut and rout bottom deck board 6
Assemble and weld complete bottom deck 18
Drill and countersirk 40 rivet holes in
bottom deck 15
Drill rivet holes in wooden spacers and
top deck board 15
rorm, notch, and drill backup plates 10
Assemble and head rivets 10
Total Direct Labor Time 110
Total Direct Labor Cost $5.50
Tooling Required
Blanking dies $1, 500
Forming wes 2, 000
Drill fixtures, clamps. etc. 1. 000
$4. 500

ALUMINUM EXTRUSION "CHANNEL" DESIGN - LOTS OF 5000

Extrusion - A.COA Alloy #6062-T6

Weight = 1.80 lbs/ft
= 29.4 lbs/container
Cost = $.47/1b (20. 000-1b quantity)

$.47 x 29.4 = $13.80
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Bottom Deck Board - 1,'2" Plywood. Exterior Grade

Area = 15 ft2
Weight = 1.5 lba/ft2 x 15 = 22.5 lbs/container
Cost = $.165x 15 = $2.45

Top Deck Board - 3/8" Plywood. Exterior Grade

Area = 16.5 ft2
Weight = 1.1 Ibs/t‘t2 x 16.5 = 18.2 lbs/container
Cost = $.13x16.5 = $2.15/container

Wooden Spacer (center)

3 bd ft required
3/12 x 28 lbs/ft3 =7.0 lbe

Weight =
Cost = $.10x3=$.30
Summary
Weight Cost
(1be)
Extrusion 29.4 $13.80
Bottom Deck 22.5 2.45
Top Deck 18.2 2.15
Wooden Spacer 7.0 .30
Adhesive it Y+
77.1 $18.95
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Estimated Cost of Manufacturing Operations

Time

(min)
Mitre, notch, and pierce four extrusicns 12

Weld extrusions (4 corners, 8" long =
32" @ 2 in/min) 16

Assemble top deck, wooden spacer. and

bottom deck to extrusion and bond S
Total Direct Labor Time 33

Total Direct Labor Cost ($3.00/hr) $1.65

Tooling Required

Extrusion die $ 200
Notching die 2,000
Piercing die 500
Fixtures, etc. 500
$3,200
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APPENDIX VII

DETAILED COST ESTIMATE FOR CONTAINER
STRUCTURAL FRAME AND DOOR FRAME

Material - 6062-T6 Alloy

Estimated in lots of SO00 containers

STRUCTURAL FRAMEWORK

Extruded section

Area = ,187x2.75 = .51 in2
Weight = .51x130x .1=6.7 lbs
Cost = 6.7x9$.48=9%$3.20

3/16" x 1" x 1" angle

Length = (2 x 65) +(2 x 44) + (2 x 54)

= 130 + 88 + 108 = 326 in
Weight = 326 x .375x .1=12.2 1bs
Cost = 12.2x $.48 = $5.85

3/16" x 1" strap

Length = (4 x 85) + (2 x 80)

= 340 + 160 = 500 in
Weight = 500 x .187 x .1=9.3 lbs
Cost = 9.3x$.48=%$..50

Total material weight = 28.2 lbs

Total material cost = $13.55
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Manufacturing Operaticns

Cut to iength

Assemble in welding fixture

Weld (50 in)

Labor cost (40 min @ $3.00) = $2.00

Overhead (150%) = 3.00

DOOR FRAME

Marcerial - Extrusion
Area = . 187x1.75=.327 in2
Weight = .327 x 130 = 4.25 lbs
Cost = 4.25x $.48 = $2.05

3/16" x 1" strap
Area = .210 in2
Weight .187 x (88 + 160) = 4.65 lbs
Cost = 4.65x $.48 = $2.25

8.91's
$4.30

Total material weight

Total material cost

Manufacturing Operations

Cut to length
Assemble in welding fixture

Weld (10 in)
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Time
(min)

10

25
40




Labor cost (10 min @ $3.00) = $.50
Overhead (150%) = .75

Estimated Tooling Cost

Extrusion dies

Jigs and fixtures
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750
$1150




